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SEWAGE  DISPOSAL  AT  WATERBURY. 

By  R.  A.  Cairns,  City  Engineer. 

Some  other  method  of  sewage  disposal  than  discharge 
untreated  into  the  Naugatuck  river  has  been  contemplated  by 
the  city  of  Waterbury  for  many  years.  A  suit  brought  in  1891 
was  ultimately  decided  against  the  city.  From  time  to  time 
reports  were  prepared  and  submitted  to  the  board  of  alder- 
rnen,  containing  suggestions  and  recommendations  of  experts, 
but  up  to  date  no  final  determination  of  the  process  to  be  used 
has  been  made." 

The  valley  of  the  Naugatuck,  in  which  Waterbury  lies,  is 
narrow  and  steep  and  is  bounded  on  either  side  by  rocky  hills 
rising  several  hundred  feet  to  the  summits  of  the  ranges.  For 
twenty  miles  downstream  there  is  no  tract  of  land  on  the 
valley  floor  suitable  for  intermittent  gravel  filtration.  The 
few  level  stretches  are  fully  occupied  by  cities  and  villages, 
between  which  the  valley  is  so  narrow  as  scarcely  to  aflford 
room  for  the  highway  and  railroad. 

There  is  one  tract  of  land  ten  miles  below  the  city,  on  a 
low  plateau,  which  might  possibly  be  utilized  for  filtration, 
and  which  could  be  reached  by  gravity.  A  careful  study  was 
made  of  it  some  years  ago.  It  was  found  very  expensive  to 
develop,  and  the  connection  between  it  and  the  city  was  of 
necessity  so  located  as  to  involve  very  expensive  construction. 
Moreover  development  in  the  neighborhood  has  made  such  a 
use  of  the  land  of  doubtful  propriety,  if  indeed  it  would  not 
be  enjoined  by  the  courts. 

Testifying  in  a  suit  against  the  city,  one  of  the  best  known 
sanitary  engineers  of  the  coimtry  stated  that  in  his  experience 
he  had  known  of  no  other  place  where  the  difliculties  of  sew- 
age disposal  were  greater  than  in  the  Naugatuck  valley. 

The  flow  of  the  river  is  not  large  enough  to  afford  a  degree 
of  dilution  sufficient  to  insure  at  all  seasons  against  the  crea- 
tion of  a  nuisance.  The  distance  to  tide  water  is  so  great, 
over  thirty  miles,  that  the  expense  of  a  trunk  sewer  down  the 
valley  is  and  will  long  continue  to  be  prohibitive.     Moreover 
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the  shellfish  interests  and  owners  of  cottages  along  the  sea- 
shore  in  the  \'icinity  of  the  outlet  would  undoubtedly  offer 
objections  to  such  a  disposition  of  the  sewage. 

Suitable  land  for  filtration  outside  of  the  valley  can  only  be 
reached  by  either  pumping  several  miles  over  high  hills,  or  by 
means  of  a  long  and  expensive  tunnel  through  the  easterly 
range.  The  latter  possibility,  however,  would  have  received 
particularly  favorable  attention  had  it  not  been  that  good 
ground  exists  for  believing  that  manufacturing  interests  below 
Waterbury  would  seriously  object  to  any  reduction  in  tlie 
volume  of  water  coming  to  them.  Tliis  river  flow  is  of  the 
greatest  importance  to  the  brass  mills,  entirely  aside  from 
any  use  made  of  it  for  power,  and  they  cannot  contemplate  with 
equanimity  any  reduction  in  it.  On  the  contrary,  they  are 
actively  concerned  in  its  increase  by  means  of  storage 
rcser\^oirs* 

Chemical  precipitation  is  not  favorably  considered,  partly 
on  account  of  the  expense  of  the  process,  and  particularly  on 
account  of  the  expense  and  difficult}^  attending  upon  the  dls- 
position  of  the  sludge.  Even  after  pressing,  a  large  tract  of 
low*  land  is  needed  for  its  disposal. 

Thus  the  field  has  narrowed  down  to  some  combination  of 
sedimentation  or  septic  tanks  with  modem  bacteria  beds, 
so-called,  either  contact  or  sprinkling. 

It  was  not  until  1904  that  the  problem  of  constructing  sew- 
age disposal  works  was  committed  to  the  engineering  depart- 
ment of  the  city.  Up  to  that  time  the  matter  had  been  handled 
by  the  legal  department.  Surveys  were  at  once  undertaken  and 
prosecuted  for  a  number  of  months,  and  after  careful  examina- 
tion a  route  was  selected  for  the  main  carrier,  so-called,  and  a 
tract  of  land  was  decided  upon  as  the  only  available  place  for 
disposal  works.  Construction  of  the  main  carrier  is  now  under 
way ;  it  consists  of  a  reinforced  concrete  masonry  channel,  as 
show^n  in  tlie  photographs,  4*4  ft,  w4de  and  4  ft.  5  in.  high. 

Some  delay  has  been  experienced  in  getting  possession  of 
the  land  needed  for  the  w'orks.  Part  of  it  has  been  bought  and 
part  is  in  process  of  being  taken  by  condemnation  proceedings. 
Through  the  tract  runs  the  Naugatuck  Division  of  the  N.  Y., 
N.  H.  &  H-  R.  R.  Co.,  cutting  it  fairly  in  two.  As  the  present 
location  of  the  road  is  on  a  big  curve,  the  city  succeeded  in 
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inducing  the  company,  in  connection  with  its  extensive  improve- 
ments now  making  throitghout  the  Naugatuck  valley,  to 
build  a  cut-oft'  about  two  thirds  of  a  mile  long,  shortening 
the  road  680  feet»  eliminating  nearly  all  the  curvature,  and 
leaving  our  tract  in  one  solid  piece.  It  will  be  some  time  ye 
before  the  railroad  will  be  able  to  complete  this  change,  having'^ 
some  heavy  rock  cuts  to  make  on  it. 

While  waiting  to  get  on  this  land  we  are  building  the  sewer, 
as  noted  above,  and  are  also  taking  advantage  of  the 
opportunity  to  make  some  careful  studies  in  regard  to  the 
methods  of  treatment  best  adapted  to  our  special  conditions. 

It  is  unnecessary  for  me,  in  speaking  to  this  body  of  tech- 
nical men,  and  at  this  late  day,  to  justify  the  expenditure  of 
a  large  amount  of  time  and  money  in  an  experiment  station 
for  this  purpose.  After  many  costly  failures  in  sewage  dis- 
posal,  it  has  finally  been  accepted  by  the  profession  as  the  only 
safe  rule  to  be  followed.  In  every  community  the  elements  of 
the  problem  vary,  and  in  each  the  proper  solution  must  be 
worked  out  for  that  special  case. 
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SEWAGE  DISPOSAL  AT  WATERBURY.  5 

At  the  present  moment  Columbus,  Ohio,  where  a  stanch 
O^nneclicut  man,  Mr.  Julian  Grigg^s,  is  city  engineer,  is  settings 
a  good  example  in  this  respect.  He  secured  the  appropriation 
of  $50,000  to  be  expended  in  experiments  on  sewage  purifica- 
tion. These  were  conducted  under  the  direction  of  Messrs. 
Rudolph  Hering  and  George  W.  Fuller  of  New  York,  and 
have  attracted  a  great  deal  of  attention  for  their  extent  and 
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thoroughness.  They  have  been  commented  on  at  length  in  the 
engineering  papers,  and  many  of  you  are  doubtless  familiar  with 
the  interesting  results  obtained. 

1  submit  herewith  some  drawings  and  photographs  showing 
the  general  arrangements  of  our  station  and  the  appearance  of 
the  tanks.  The  sewage  is  pumped  from  one  of  the  principal 
outfall  sewers  by  means  of  a  small  centrifugal  pump  driven 
by  a  water  motor.  The  discharge  is  about  46  gallons  per 
minute.  It  enters  a  grit  chamber  and  thence  passes  through 
screens  and  measuring  orifices  to  three  tanks  having  a  capacity 
of  4000  gallons  each.     One  of  these  is  being  used  as  a  plain 
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sedimentation  tank,  with  a  period  of  24  hours,  and  two  are 
running  as  16-hour  septic  tanks. 

Below  these  are  6  circular  tanks  having  each  a  surface  area 
of  i-iooo  acre.  Sewage  reaches  them  by  gravity  from  the 
septic  and  sedimentation  tanks  through  a  system  of  piping 
admitting  of  various  combinations  of  treatment.  The  over- 
flow from  the  grit  and  screen  chamber  and  the  effluents  from 
the  tanks  return  to  the  sewer  through  drain  pipes. 

A  one-story  building  17  feet  by  26  feet  contains  the  pump- 
ing machinery,  chemical  mixing  apparatus,  etc.  and  the 
laboratory.  The  latter  is  quite  well  equipped  for  the  purpose 
of  sewage  analysis. 

The  six  circular  tanks  are  arranged  in  sets  of  three,  at 
different  elevations.  The  first  three  are  low  enough  so  that 
sewage  can  be  discharged  near  the  top.  They  are  now  being 
used  for  standard  sand  filtration,  at  rates  varying  from  100,- 
000  to  200,000  gallons  per  day  per  acre. 

The  filtering  material  is  5  feet  in  depth  with  an  effective 
size  of  .24  mm.  and  a  uniformity  coefficient  of  2.8. 

The  second  set  of  tanks  stands  low  enough  so  that  sewage 
from  the  sedimentation  and  septic  tank  level  comes  to  them 
under  several  feet  head,  enough  to  permit  of  the  operation  of 
devices  for  sprinkling  the  sewage  over  the  beds. 

The  principal  object  of  the  sand  beds  has  been  to  see  what 
degree  of  purification  could  be  obtained  by  a  well  known 
standard  process,  thus  discovering  practically  whether  the  sew- 
age was  of  an  exceptionally  troublesome  character.  It  is  safe 
to  conclude,  from  the  results  obtained  by  intermittent  filtra- 
tion, that  the  sewage  of  Waterbury  at  present  does  not  contain 
such  an  amount  of  acids  or  metallic  salts  as  to  interfere  with 
ordinary  bacterial  action. 

Having  determined  this,  it  may  be  that  one  or  more  of  this 
set  of  tanks  will  be  converted  into  contact  beds,  and  a  scries 
of  experiments  made  along  that  line. 

The  lower  set  of  tanks  are  all  filled  with  2-inch  trap  rock 
to  a  depth  of  5  feet.  A  central  standpipe  brings  up  sewage 
from  one  of  the  sedimentation  or  septic  tanks  to  a  sprinkling 
device  a  couple  of  feet  above  the  surface  of  the  stone. 

By  this  means  the  sewage  is  thrown  out  over  the  bed  in  an 
umbrella-shaped  spray,  falling  on  the  stones  in  detached  drops. 
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This  gives  some  aeration,  an  important  step  between  the 
anaerobic  processes  of  the  septic  tajik  and  the  aerobic  action. 
In  order  to  get  a  more  even  distribution,  various  forms  of 
nozzle  were  tried.  At  present  we  are  using  one  having  two 
cones  of  different  shape,  one  above  the  other.  A  hole  through 
the  lower  cone  allows  the  central  portion  of  the  stream  to  pass 
upward  and  impinge  on  the  second  cone.  In  this  way  we  get 
V^o  different  zones  of  spray.  By  automatically  varying  the 
head  and  using  these  double  nozzles,  it  is  probable  that  a  very 
satisfactory  distribution  may  be  obtained. 

Before  considering  the  results  of  the  more  rapid  processes  of 
sewage  treatment,  I  want  to  call  your  attention  to  the  fact  that 
Waterbury  conditions  do  not  require  an  especially  high  degree 
of  purification.  The  Naugattick  river  can  ne%'er  be  used  as  a 
source  of  pure  water  though  every  particle  of  city  sewage 
were  kept  out  of  it.  The  only  reasonable  requirement  that  can 
be  imposed  is  that  our  disposal  works  produce  an  effluent  which 
will  not  be  subject  to  putrefaction  after  discharge  into  the  riven 
The  court  order  imder  wliich  we  are  proceeding  only  requires 
treatment  during  the  six  months  between  May  ist  and 
December  1st.  The  remainder  of  the  year  we  may  discharge 
crude  sewage  directly  into  the  river  as  heretofore. 

Under  these  conditions  our  endeavor  is  to  find  that 
method  of  treatment  which  will  handle  the  greatest  quantity 
of  sewage  at  the  least  expense,  counting  first  cost  and  opera- 
tion, using  the  smallest  area,  and  producing  a  nonputrescible 
effluent. 

To  determine  this  last  point  samples  of  effluents  are  placed 
in  an  incubator  at  a  temperature  of  ioo°  F.  and  kept  there  for 
24  hours.  If  no  fermentation  results  the  eflluent  is  considered 
satisfactory.  River  water  in  shallows  is  not  likely  at  any  time 
to  reach  a  temperature  of  much  over  80"".  Formerly  a  low^er 
temperature,  70°  to  80 '^,  was  used  in  the  incubator  and  samples 
kept  a  longer  time.  But  experiments  have  shown  that  the 
higher  temperature  and  shorter  time  give  equally  reliable 
results  and  of  course  permit  more  tests  to  be  made  with  a  given 
equipment. 

I  submit  herewith  three  samples  of  effluents  taken  from 
our  experiment  station.  One  is  from  the  sand  filter,  working 
at  a  rate  of  200,000  gallons  per  day  per  acre,  and  with  a  rest 
of  one  w^hole  day  in  seven. 
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The  Other  two  are  from  the  sprinkling  filters,  working  at 
rates  of  2.7  and  2.5  million  gallons  per  day  per  acre,  with  a 
rest  of  one  day  in  seven.  These  have  all  been  incubated  as 
described,  and  have  given  no  evidence  of  putrescence. 

Our  experimental  work  has  only  gotten  fairly  started,  so  that 
I  am  not  prepared  to  make  any  positive  statements  of  results. 
As  a  matter  of  interest,  however,  I  append  a  table  of  averages 
obtained  by  the  chemist  during  the  month  of  December  last. 
A  year  from  now  I  hope  that  we  will  have  demonstrated  some 
things  in  connection  with  sewage  disposal  which  will  be  of 
advantage  both  to  Waterbury  and  to  other  industrial  com- 
munities so  similarly  situated  as  to  be  unable  to  practice  sewage 
purification  by  intermittent  filtration  through  gravel  and  sand. 
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THE    KIMBERLY    AVENUE    BRIDGES   OF 

feNEW  HAVEN. 
d 


By  Cassias  IV.  Kcily,  City  Engineer. 


Jmberly  Avenue  in  New  Haven  crosses  West  River  and 
le  meadows  or  mud  flats  in  a  southwesterly  direction  fronn 
New  Haven  to  West  Haven.  The  river  crosses  this  street 
two  branches  about  eight  hundred  feet  apart.  Over  the 
[lUtherly  or  main  branch  is  being  constructed  an  open  bridge 
Jf  the  type  known  as  a  Scherzer  Rolling  Lift  Bridge.  Over 
the  nortlierly  channel  a  smaller  fixed  bridge  of  concrete,  in 
part  reinforced,  and  steel  I  beams,  is  being  constructed. 

These  bridges  replace  old  pile  and  timber  structures.  Tlie 
mud  at  the  site  of  the  two  bridges  and  over  the  intervening 
distance  is  from  twenty-nine  to  thirty- four  feet  in  depth  below 
mean  low  water.  Over  the  site  of  the  lift  bridge  there  is  a 
hard  crust  from  two  to  eight  feet  thick  and  at  a  depth  to  tlie 
tipper  surface  of  nineteen  to  twenty-five  feet  below  mean  low 
water.  Much  of  this  crust  was  found  in  driving  the  piles  to 
be  YQTy  hard  and  nearly  as  hard  as  anything  encountered  in  the 
hard  bottom  below  the  mud.  The  bridge  over  the  main  branch 
of  the  river  consists  of  two  approach  spans  and  the  lift  span 
the  middle.     The  bridge  has  a  total  length  of  196  feet  and 

roadway  width  of  forty- four  feet  and  total  width  of  sixty- 
six  feet. 

The  opening  of  the  middle  span  is  forty-five  feet  in  the 
clear  at  right  angle  with  the  direction  of  the  current.  The 
abutments  and  piers  are  built  parallel  with  the  direction  of  the 
current  and  form  an  angle  of  60"  with  the  bridge.  The  general 
location  plan  is  shown  on  plate  I. 

Tlie  lift  span  is  in  two  leaves  and  opens  square  with  the  piers. 

The  substructure  masonry  is  of  concrete.  The  concrete  of 
the  piers  is  carried  to  a  depth  of  twelve  feet  below  mean  low 
water  and   is   supported   on   a   timber   platform   twenty-eight 
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inches  in  tliickness,  resting  on  piles.    The  details  of  the  piers 
in  plan  and  section  will  be  seen  by  reference  to  plate  2.   The  con- 


crete of  the  abutments  and  retaining  walls  is  placed  upon  and 
about  the  piles,  which  are  cut  off  a  little  above  low  water. 
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The  piers  were  built  by  means  of  open  caissons*  Before 
driving  the  piles  for  the  foundation  of  the  piers,  the  mud  was 
dredged  out  to  a  depth  of  three  or  four  feet  below  the  level  of 
the  cut-off  of  the  piles,  and  after  the  piles  were  cut  oft',  rip-rap 
of  small  size  was  deposited  about  the  piles  and  allowed  to 
crown  about  one  inch  above  the  piles.  Each  pile  head,  in  rej^u- 
!ar  order,  was  examined  by  a  diver  to  see  that  the  piles  were 
free  from  stones.  This  rip-rap  is  near  to  and  in  some  portions 
nearly  in  contact  with  the  hard  crust. 

The  caissons  were  eighty-nine  feet  long  and  seventeen  feet 
wide  and  were  placed  in  position  without  mishap.  The  piers 
were  built  solid  from  end  to  end  up  to  low  water,  and  from  that 
point  were  carried  up  in  three  pedestals.  The  forms  for  the 
concrete  were  made  of  inch  hoards,  matched  and  planed, 
except  for  tht:  backs  of  abutments  and  retaining  walls,  which 
were  of  rough  stuff.  The  work  was  started  with  the  use  of 
,  two-inch  plank,  but  it  was  found  diat  the  plank,  which  were 
not  always,  nor  generally,  true,  could  not,  when  of  that  thick* 
ness,  be  sprimg  vertically  so  as  to  secure  tight  joints  through- 
I  out-  As  the  forms  could  not  be  removed  while  tlie  work  was 
comparatively  green,  except  in  the  case  of  the  retaining  walls, 
it  was  essential  to  have  tight  joints  to  secure  smooth  surfaces. 
These  forms  were  brushed  on  the  inside  wnth  soft  soap  before 
placing  tlie  concrete. 

The  concrete  was  made  with  Portland  cement  mixed  in  the 

i proportion  of  I.  3,  6  for  the  retaining  walls,  and  1,  2,  5  for 

the  abutments  and  for  the  piers  up  to  low  water :  and  one  man 

stone  was  distributed  throughout,  spaced,  about  six  inches  apart. 

The  pedestals  of  the  piers  are  i,  2,  4  mixture  and  without  die 

lone  man  stone.     The  outer  face  of  all  work  for  a  thickness 

[of  four  inches  is  a  mixture  of  1,2,  2,  no  stone  exceeding  one 

[inch  in  largest  dimension  and  for  the  most  part  not  exceeding 

three-fourths  of  an  inch.     This  thickness  of  four  inches  for 

I  the  facing  was  easily  regulated  by  placing  a  row  of  one  man 

[stone  on  each  successive  layer  of  concrete  about  four  inches 

[from  the  face.     The  southerly  abutment  and  a  portion  of  the 

I  southerly  pier  was  brushed  over  with  a  tliin  mixture  of  one  of 

'Portland  cement  to  one  of  sand,  but  the  rest  of  the  work  was 

left  as  it  came  from  the  forms. 
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The  general  design  of  the  superstructure  is  shown  in  plate  3. 


Each  lift  will  be  operated  by  means  of  an  electric  motor  of 
street  car  type,  geared  to  a  shaft  passing  through  the  center  of 
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the  outer  rocking  girders.  A  pinion  attached  to  the  outer  ends 
of  the  shaft  engages  in  a  horizontal  rack  which  is  attached 
to  a  frame  anchored  to,  and  in  part  imbedded  in,  the  concrete 
pier.  The  details  of  rocking  girders,  rack,  tracks  etc.  are  s!iown 
on  plate  4. 

The  flooring  is  of  creosoted  plank  npon  which  is  laid  a  pave- 
tnent  of  creo-resinate  wood  blocks.  To  insure  the  holding  of 
the  blocks  on  the  lift  span  the  roadway  is  crossed  at  intervals 
of  eight  feet  witli  2y2  X  212  X  M  ^^^^^  angles  spiked  to  the 
planking  and,  in  addition,  the  blocks  will  be  imbedded  in  a  tliin 
coat  of  aspbaltic  cement  spread  over  the  roofing  felt,  which 
will  be  firmly  tacked  to  the  planking. 

The  plans  for  the  superstructure  were  prepared  by  the  Scher- 
«cr  Rolling  Lift  Bridge  Co.  as  consulting  engineers  and  the 
plans  for  the  substructure  were  prepared  in  the  office  of  tlie 
city  engineer. 

The  northerly  bridge  referred  to  above,  the  plans  for  which 
were  also  prepared  in  the  office  of  the  city  engineer,  has  a  total 
length  of  seventy-five  feet  and  a  width  of  sixty-seven  feet  and 
is  divided  into  three  spans  by  reinforced  concrete  pier  columns 
carrying  reinforced  concrete  beams.  These  pier  columns  have 
the  bases  spread  and  rest  in  each  case  upon  a  cluster  of  seven 
piles.  The  full  size  of  the  base  is  kept  down  to  low  water, 
by  requirement  of  the  War  Department.  The  three  columns  in 
the  central  portion  of  each  beam  and  which  carry  the  trolley 
tracks,  being  nearer  together  than  the  others,  have  their  bases 
continuous.  The  concrete  in  the  abutments  and  retaining  walls 
was  mixed  in  the  proportion  of  i,  3,  6  except  tlie  facing,  wiiich 
is  a  i«  2,  2  mixture  and  have  one  man  stone  distributed  through- 
out, spaced  four  inches  apart.  The  concrete  in  the  cnlnmns  and 
beams  and  tlooring  is  a  mixture  of  i,  2,  4.  Upon  the  abutments 
and  beams  are  placed  I  beam  stringers  spaced  five  feet  apart 
and  upon  these  I  beams  a  reinforced  concrete  floor  six  inches 
in  thickness.  For  the  bottom  transverse  reinforcement  of  the 
floor,  Kahn  bars  will  be  used,  and  for  tlie  longitudinal  dis- 
tributors and  the  top  transverse  reinforcement^  twisted  bars  will 
be  used.  Upon  this  concrete  floor  will  be  laid  a  vitrified  brick 
pavement.  The  sidewalks  and  railing  will  be  of  reinforced 
concrete.  All  exposed  concrete  surfaces  of  this  bridge  were 
hand'floated  with  a  thin  mixture  of  one  Portland  cement  to 
one  of  sand. 


A   SPIRAL   CURVE    FOR   STREET    RAILWAYS. 


n 


A  SPIRAL  CURVE   FOR  STREET 
RAILWAYS. 

By  Albert  M,  Turner. 

The  spiral  curve  is  so  common  as  a  headline  in  engineering 
periodicals  that  we  sometimes  underestimate  the  astonishing 
frequency  with  which  the  long-suffering  public  is  up  against  the 
circular  variety  in  the  track.  On  the  few  steam  railroads  in 
our  State  which  do  not  use  some  form  of  spiral  curve,  the 
passenger  iisuallv  has  a  whole  scat  to  himself  and  has  become 
more  or  less  inured  and  adapted  to  either  end  of  the  same,  but 
when  he  dangles  from  a  strap  in  a  prancing  trolley  car  the 
situation  is  somewhat  different.  This,  of  course,  is  no  argument, 
but  when  we  consider  tliat  the  initial  shock  of  a  circular  curve 
may  very  Ukely  be  beneficial  to  the  passenger,  and  indeed  give 
him  more  for  his  money,  but  is  certainly  of  doubtful  value  to  the 
foiling  stock,  then  indeed  the  situation  is  radically  different. 
To  remedy  this  crying  evil  many  and  various  systems  of  spirals 
have  been  proposed  and  used.  They  are  all  good,  but  there  are 
certain  features  or  characteristics  which  they  do  not  all  possess 
in  like  measure.  For  instance,  having  a  given  radius  and  angle 
of  intersection,  the  tangent  distance  from  P.  I.  to  P.  C,  and 
the  external  distance  from  P.  I.  to*  the  center  of  the  curve, 
should  be  attainable  by  simple  calculations,  as  these  distances 
usually  have  to  be  determined  in  the  King's  highway,  where 
truth  is  seldom  stranger  than  fiction,  but  more  difficult  to  identify. 
The  spiral  cun^e  should  be  readily  run  by  the  transit,  either 
forward  or  backward,  and  the  figuring  of  deflections  in  the  field 
should  be  avoided  as  far  as  possible.  The  number  of  chords 
in  the  spiral  should  be  small,  and  the  chord  length  should  bear 
a  simple  ratio  to  the  unit  of  loo  feet  to  facilitate  the  calculation 
of  grades.  Lastly,  the  cun^e  should  be  pleasing  to  the  eye  of 
the  engineer,  soothing  to  the  nerves  of  the  nickel  producer,  and 
unnoticeable  to  the  much  more  delicate  rolling  stock. 
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In  the  system  herewith  presented,  the  spiral  curve  always 
consists  of  four  circular  arcs  whose  radii,  taken  with  the  radius 
R  of  the  circular  central  part  of  the  curve  form  approximately 

the  ascending  series    R,        '        '        '  5R.     Representing:  the 

T"  »5  *• 

deflection  for  a  chord  C  on  the  circular  part  of  the  curve  by  D, 

the  central  angle  subtended  by  that  chord  will  be  2D.  and  by 

,      ,  •    ,     ,       ,  .     ,      8D  61)  4I)   2I) 

the  four  spiral    chords    respectively.        '        .-^  _,        »  or,  to 

'5555' 

present    the    relation    more   clearly,  the  whole  series  will  be 

^Cs"*)' 4(1^)- ^('s)' 'i'^)' ' (T)-  ^""""'"^ "p *'^" 

tral  angles  of  the  four  chords,  we  have  the  constant  relation, 
spiral  angle  S  ^  4D.  Three  functions  remain  to  be  deter- 
mined, the  lateral  offset,  or  inthrow.  P,  the  displacement 
or  setback  of  the  tangent  ix)int,  O,  and  the  deflection 
angles.  In  compiling  the  tables  of  these  functions,  twenty- 
four  representative  curves  were  selected,  with  radii  varying 
from  40  ft.  to  2000  ft.  and  their  functions  laboriously  dug 
up  by  the  aid  of  a  little  geometry  and  much  graphite, 
r'rom  the  consideration  of  these  data  it  soon  became  evident 
that  the  function  P  was  in  all  cases  represented  by  the  simple 

C 
expression   ^  .     The  equivalent  expression  for  Q  was  not  so 

readily  obtained,  and  is  not  so  self-evident,  but  the  expression 
C  (2  —  52  sin*  (     j)  was  finally  arrived  at,  and  actually  fitted  the 

twenty- four  curves  already  determined.  P.y  dividing  all  the 
deflection  angles  by  D,  the  simple  ratios  given  in  the  general 
table  ai)peared,  and  it  only  remained  to  tabulate  enough  curves 
to  cover  ordinary  practice.  The  expressions  for  tangent 
distance',  T,  external  distance,  K.  and  length  of  curvx*,  L,  in 
terms  of  the  tabulated  functions,  follow  readily  from  the  figure, 
and  present  no  serious  obstacle  to  calculation,  using  either 
natural  or  logarithmic  functions. 

In  field  work  the  spirals  are  usually  run  in  from  the  P.  C.  and 
P.  T.  respectively,  then  the  transit  set  over  either  P.  S..  the 
total  deflection  checked,  if  possible,  by  a  sight  on  the  other  P.  S. 
and  the  circular  curve  **pulled  in." 
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As  it  is  often  convenient  to  know  the  offset  in  feet  from  any 
chord  point  on  the  spiral  to  the  tangent,  this  has  been  prefixed, 
in  terms  of  P,  to  the  general  table  of  deflections  in  terms  of  D, 
and  as  these  ratios  are  simple  they  soon  become  fixed  in  one's 
mind. 

For  highway  work  it  is  not  usually  necessary  to  spiral  curves 
of  more  than  2000  ft.  radius,  and  the  table  of  50  ft.  chords  was 
intended  for  use  only  as  circular  curves,  but  in  private  way, 
where  high  speed  is  at  least  legal,  the  values  of  P  and  Q  may  be 
readily  determined  from  the  expressions  given,  and  the 
deflections  taken  from  either  table.  It  may  also  be  an  improve- 
ment in  certain  cases  to  double  the  chord  length  for  the  longer 
radii  in  the  table  of  25  ft.  chords.  This  can  be  done  with  very 
little  calculation,  as  it  simply  multiplies  P  by  4  and  Q  by  2,  not 
forgetting  that  D  will  also  be  doubled  if  R  is  to  remain 
unchanged. 

Other  modifications  will  no  doubt  suggest  themselves  to  any 
user  of  the  tables,  as  roadbeds  continue  to  improve  and  speeds 
increase. 
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ASH  CREEK  BRIDGE. 

By  Edward  E.  Minor, 

Ash  Creek  is  a  tidal  stream,  having  a  watershed  of  about 
eight  square  miles.  It  lies  west  of  Bridgeport,  and  forms 
in  part  the  boundary  line  between  the  towns  of  Bridgeport 
and  Fairfield.  At  Fairfield  Avenue,  where  the  arch,  which  is 
the  subject  of  this  paper,  is  being  constructed,  the  **Creek'* 
has  a  width  of  about  400  feet.  The  rise  and  fall  of  the  tide  is 
about  three  feet. 

The  present  bridge  consists  of  wooden  stringers  resting  on 
large  piers,  built  of  rough  stone  and  well  protected  by  riprap. 
There  are  five  openings,  each  about  fourteen  feet  in  width. 
The  water  passing  through  these,  openings  had  taken  the  soft 
mud  out  to  a  depth  of  about  eight  feet  below  low  water. 
Beneath  this  there  was  about  fifteen  feet  of  stiff  mud,  and  then 
what  appeared  to  be  fine  sand  down  to  rock. 

The  new  bridge  replaces  the  five  openings  of  the  old  bridge 
by  one  span  of  forty  feet.  It  was  first  proposed  to  build,  and 
plans  were  drawn,  for  a  reinforced  concrete  bridge  of  beam 
construction,  as  it  was  considered  unwise,  at  first,  to  place  a 
necessarily  flat  arch  on  piles  in  mud,  where  the  abutments  could 
not  be  depended  upon  to  resist  horizontal  forces.  However, 
the  elliptical  arch  presented  features  of.  design  and  appearance 
which  made  it  appear  better  adapted  for  the  place  and  led  to 
its  being  chosen,  after  some  novelties  in  design  had  been  intro- 
duced, which  obviated  any  dependence  being  placed  on  the 
foundations  to  resist  thrust. 

The  intrados  is  a  five-center  curve,  closely  approximating 
an  ellipse.  The  arch  is  two  feet  thick  at  the  crown,  and  has  a 
rise  of  seven  feet  above  the  springing.  The  abutments  are 
low  and  unusually  wide  on  the  base.  The  foundations  of  the 
arch  consist  of  piling,  about  thirty-five  feet  in  length,  driven 
to  hard  bottom.  Outside  the  piles  riprap  was  placed,  forming 
a    rock    fill,    completely    around    each    abutment.     The    space 
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OUARTER   PLAN   OF   PILING. 
QUARTER   PLAN    OF  ARCH. 


between  the  piles  was  then  filled  with  beach  gravel  and  sand, 
finishing  on  top  with  a  six-inch  layer  of  sand  on  which  to  place 
the  concrete.  The  first  four  rows  of  piles  on  the  front  of  the 
abutment  and  the  first  two  rows  under  the  wing  walls  were  of 
selected  sticks  and  were  very  carefully  driven. 

The  steel  reinforcement  of  the  arch  proper  is  of  twisted  steel 
rods,  Ij4  inch  square,  spaced  seven  inches  on  centers,  ])assing 
directly  through  the  arch.  These  rods  are  given  a  slight 
inverted  camber.  They  pass  close  to  the  intrados  of  the 
arch  at  the  center,  and  approach  the  extrados  at  a  point 
above  the  second  row  of  piles  in  the  foundation.     Here  they 
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bend  downwards  and  extend  through  the  concrete  to  the  back 
of  the  abutment,  where  they  are  anchored.  These  rods  are 
shown  in  the  sectional  elevation  of  the  arch.  If  the  structure 
acts  as  an  arch,  the  steel  reinforcement  is  where  it  is  needed 
to  resist  tension  in  the  concrete ;  near  the  intrados  at  the  crown 
and  the  extrados  at  the  haunches. 

The  tendency  of  these  rods  is  to  throw  the  weight  of  the  arch 
on  the  front  rows  of  piles,  to  lift  the  back  of  the  abutment,  and 
to  push  the  piling  back.  To  prevent  this  the  abutment  was  made 
quite  wide  and  flat,  and  the  piles  extended  up  into  the  concrete. 
The  outer  end  is  anchored  to  the  piles  by  means  of  twisted  steel 
rods  driven  into  the  piles.  The  main  anchor  rods,  passing 
through  the  abutment  near  the  top,  enable  the  weight  of  the 
fill  above  to  act  as  a  counter  weight  for  the  w^eight  of  the  arch. 

The  arch  then  virtually  acts  as  a  cantilever;  the  position  of 
the  reinforcement  enables  the  center  of  the  arch  to  act  as  a 
beam  supported  on  two  cantilever  arms,  which  are  balanced  by 
the  width  of  the  abutments.  The  fastening  of  the  end  of  the 
abutment  to  the  piling  was  an  additional  safeguard.  The  novel 
feature  of  the  design  is  the  utilizing  of  the  steel  reinforcement 
in  the  concrete  to  resist  the  thrust  of  the  arch.  No  reliance  is 
placed  on  the  foundation  to  resist  horizontal  thrust,  but  only 
vertical  forces. 

The  arch  is  being  built  by  the  City  of  Bridgeport,  P.  Kennelly, 
Director  of  Public  Works,  W.  W.  Starr,  City  Engineer.  It 
was  designed  by  Albert  B.  Hill,  Consulting  Engineer.  The 
writer  is  engineer  in  charge.  The  contractors  are  the  Standish 
Stone  Co.  of  Bridgeport,  Conn. 
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wa>  R-ci.\\!  :;  :>-.  rt^r *•-?:•".  r  .-^-.—t'tt  f-r  tht  '.l?:  r.L'ne'd  tank, 
liTi-.'.  a  r  .Titr.'iCi  I'-.-r  ::>  r  -:■;>: -jr^^  -r.  vi..-  r-^jt  vr~  tbc  Hpee- 
liiir.rit^i:  Co..  ■.  :  :".  is:.-:-..  ::  i  r  ■ — ^:.r:. •->  :  -r  the  New  Haven 
\\":.:tr  Cvi'.rp:i::>  "s  :ti\x   r.!r-:.:^■^  p  :.-: 

Tb.v  ::.\\k  \>  IvV,;:;* "  .•-  "^^  ^'  ^~  .  ■  '■■  ''vr:  l  fi-v  fee:  of  ihe 
f:iri  .  :  :1h  ilvrk  s»r.  ^.  "  -v  ^ .  ■  .-  :^:  "'"  :•:  — LrensI  :?  quite 
pvV\.-:>.  v-^>:vT  N^cils  f.  -V  •-  ..  .:.-^-:  :.:.-:  f  h  thf  crround 
u^iiv!  !':<i>  ..:\:  !..'.'.>  v\  :::^  :  'i  :■  .  r.\:.:  :"-."  ;.*  iht  ri.rLk  being 
Tibv*-:  Ik-.*  •.'.••v'''ics  'x\  \\  1' ^r.  :':.::'  -  :■ :  -  tr  :.r?i  low  water 
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r\:!r*l  in  .n-iMn^J  llu'v.i  !.-  ,-.  .■\-:>:''  /:  ..'v  ■.::  >.x  -?r'no 

riu  Iv.r.om  oi  iK'  ;,.::k  \x  :.>  •:■;./.  :  :\v:  :r  thirkness,  put 
11!  Ml  \\\\\\'  i.ivriv  .^i  *':;^'"!  i:?."!"?*-^  s../\  :.'"..  »  :.>  ':»:::h  r*r.  a  gjade 
oi  iliiw  ::nluv  \\\  \\\\\  !kv:  *!■,.'  '"5:  ::  .  >,-T  h'Mt  ."»::  the  lower 
siiK*  ni  \\\c  I. ink  i\\v'".t\  'Vv^^^v    ■•  ,■•...",:;.•'  :.-^  ■  rv'e!ve  inches  in 

tlrpMi.    liM     !lu-    !i*:n,  \.i'    »>:     :!\-    \-     \.  '  'C-^    S;':-i;.rZ.:t'S    Otlt    of   the 
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The  steel  reinforcement  consists  of  2"x2"xj4"  angles 
placed  vertically  five  inches  from  the  outside  of  the  tank,  and 
spaced  about  five  feet  apart.  To  these  are  fastened  horizontal 
hoops  of  square  twisted  rods  varying  in  size  from  i  J^"  at  the 
bottom  to  Yi"  at  the  top.  The  hoops  are  accurately  spaced 
and  held  in  position  by  wiring  them  to  the  vertical  angles 
through  holes  punched  in  them  for  that  purpose. 

The  sizes  of  the  rods  vary  by  eighths  of  an  inch  and,  in  order 
that  each  rod  of  the  same  size  shall  be  strained  substantially 
the  same  amount,  the  spaces  between  the  rods  vary  also. 

Assuming  that  each  rod  takes  the  pressure  of  its  own  partic- 
ular section  of  the  tank,  each  will  be  strained,  when  the  tank  is 
full,  from  ten  to  fourteen  thousand  pounds  per  square  inch; 
the  concrete  not  being  figured  as  taking  any  of  the  bursting 
pressure  but,  of  course,  it  will  distribute  the  strains  and  tend  to 
equalize  them  in  the  rods. 

Tlie  rods  were  each  about  33'  in  length,  five  rods  to  a  hoop, 
and  were  cotmeoied  together  by  turn  buckles;  the  rods  being 
so  placed  as  to  break  joints.  Tlie  hoops  were  placed  outside  of 
the  angles,  leaving  a  space  between  the  rods  and  the  outside 
fonns  sufficient  for  the  necessary  spading  of  the  concrete. 

The  wall  was  i)uilt  in  six  sections,  each  five  feet  in  height. 
To  secure  a  tight  joint  between  the  wall  and  the  bottom  of  the 
tank,  and  between  dilterent  sections  of  the  wall,  a  groove,  about 
tour  inches  in  widtli  and  de]>tli,  was  made  at  each  joint.  This 
was  filled  and  the  surface  of  tlie  old  concrete  was  covered  with 
a  thin  layer  of  mortar  ci^nn>osed  of  one  part  of  cement  and  two 
]^arts  o{  stone  dust.  Re  tore  doing  so,  however,  the  surface  of 
tlie  old  concrete  was  scrubbed  with  wire  brushes  and  thoroughly 
w  ashed  with  water  to  remove  all  soft  or  loose  material. 

Hie  roof  is  built  of  reinforced  concrete  slabs  resting  on 
beams  of  the  same  material  supported  by  the  side  wall,  and 
four  columns  each  two  feet  square.  The  reinforcement  in  the 
oolnmns  consists  o\  one  ^2"  rod  in  each  comer  connected  by  a 
horizontal  rod  e\ery  three  feet. 

In  the  beams  there  are  four  "s  "  rods,  and  the  beams  are  made 
Oi^ntiniKMis  by  four  >s"  rods  over  each  column.  The  roof  slab 
contains  a  ^'/'  rod  every  six  inches  both  ways. 

The  fortns  for  the  wall  \\ere  of  spruce  boards  with  slightly 
beveled  joints,  placed  vertically,  and  fastened  to  ribs  sawed  to 


REINFORCED  CONCRETE   TANKS. 


39 


an  arc  of  a  circle  of  the  required  diameter.  Tlie  inside  forms 
were  made  contimious  from  bottom  to  top,  but  the  outside  forms 
^vere  made  in  sections  five  feet  in  heig:ht  and  about  twenty-five 
feet  long,  so  arranged  that  they  could  be  taken  apart  and  used 
►  over  again;  each  set  of  the  outside  forms  being  used  twice. 
The  outside  and  inside  forms  were  connected  together  by  bolts 
made  in  three  sections  joined  by  sleeve  nuts  ;  the  middle  section 
of  the  bolt  and  the  two  sleeve  nuts  being  allowed  to  remain  in  the 
concrete. 
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PnOTOCRAPM    OF  TANK   DURING  ERECTION. 


A  small  valve  chamber  with  concrete  walls  and  a  wood  roof 
joins  the  tank  on  one  side.  Two  manholes  in  the  roof  afford 
access  to  the  interior;  and  a  one  inch  pipe  built  into  each  panel 
of  the  roof  formed  by  tbe  beams  provide  for  the  egress  and 
ingress  of  air  as  the  tank  is  filled  and  emptied  with  w^ater. 

The  concrete  used  in  the  ^vork  was  composed  of  one  part  of 
Atlas  cement »  two  parts  of  fine  pit  sand  and  four  parts  of  trap 
broken  to  pass  an  inch  and  a  half  screen  and  remain  on  a  seive 
with  }i"  mesh. 
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In  order  to  satisfy  the  requirements  of  the  fire  department, 

e  oil  tank  is  provided  with  a  protective  wall  of  reinforced 

loncrete  huilt  around  the  steel  tank  forming  an  angular  space 

hree  feet  in  width  and  twcnty-six  feet  in  height,  to  hold  the 

oil  in  case  of  a  leak  in  the  inner  tank,  and  thus  preventing  it  from 

running  out  into  the  harhor     This  wall  is  fifteen  inches  in 

thickness,  and  is  constructed  in  the  same  manner  as  the  wal! 

of  the  ammonia  tank  except  that  the  sections  of  the  hoops  were 

spliced  by  lapping  the  ends  instead  of  Joining  tltem  hy  turn 

I  buckles  as  in  the  case  of  the  ammonia  tank. 
When  the  contracts  for  these  structures  were  made  it  was 
expected  that  both  of  them  would  be  completed  l^efore  cold 
weather,  biit,  owing  to  unexpected  delays  in  getting  the  piles 
driven  for  the  ammonia  tank  and  the  inability  of  the  contractor 
for  the  steel  work  to  secure  prompt  delivery  of  material,  the 
ammonia  tank  was  not  completed  until  about  the  first  of  January, 
1905,  and  the  protective  wall  of  the  oil  tank  was  not  built  until 
last  summer. 

The  contractors  were  not  restricted  as  to  the  method  of  doing 
the  work,  the  specifications  simply  stipulating  that  the  concrete 
should  not  be  poorer  than  a  i  ;  2  :  4  mixture*  The  contract, 
however,  required  that  the  tanks  should  be  so  built  that  they 
would  stand  a  test  of  being  filled  with  water  for  three  days 
without  leaking. 

Owing  to  the  severe  cold  weather  at  the  time  the  ammonia 
tank  was  completed,  this  was  not  tested  until  last  spring.  About 
two  days  after  it  was  fiiled.  water  began  to  appear  on  the  out- 
side of  the  tank  at  the  third  joint  above  the  bottom  and,  in  a 
few  days,  water  was  seeping  through  this  joint  about  one  third 
of  the  way  around  the  tank  and  the  top  joint  was  also  leaking 
slightly  for  about  ten  feet  in  length. 

Wet  spots  also  began  to  appear  at  points  intermediate  between 
the  joints,  hut  these  were  generally  at  points  where  there  were 
bolts  for  holding  the  fonns  together. 

It  was  thought  that  the  efflorescence  of  the  lime  in  the  cement 
w*uuld  eventually  stop  the  leaks,  and  this  proved  to  be  the  case 
except  in  the  case  of  the  leaks  through  the  joints.  These  not 
showing  any  material  improvement,  a  V-shaped  groove  was  cut 
in  the  inside  of  the  tank  along  the  leaky  joints  and  this  was 
filled  witli  a  rich  mortar;  a  treatment  which,  whUe  not  giving  the 


j;^  TWENTY-FIRST   ANXUAL   MEETIXa 

rc>iili>  desirevi,  materially  improved  the  conditions,  and  the  tank 
\x.'i>  pni  imv^  c*>nimis?ion. 

Hieir  \va<  one  curious  leatnre  in  connectioD  with  these  leaks 
xxhsch  we  have  never  been  able  to  satisfaaorily  explain.  The 
ii.iks  :r.  ihe  :\vo  ioinis  referred  to  were  on  nearly  opposite  sides 
."^i  :be  tank:  when  the  lower  joint  appeared  at  its  worst  the 
npwT  .n3iow  i\i  5tcarce!y  any  leaka^re  and  %-ice  versa. 

It  one  ooe>  nv^  know  what  lo  do  in  a  certain  case,  it  is  well  to 
kn^  w  what  not  to  do.  and  t:iere  are  two  "don'ts"  which  might 
i^  5:i>er.  a>  a  wore,  of  caution  :o  any  who  zr^^y  have  occasion  to 
S.::...  c:>:^crv:c  :ar.k>.  IV::':  hui'd  iher::  in  sections,  but  make 
T^c.v.  v.\  ?i.^'.::h:c  if  TX-^ssiMe,  ir.^  .-.r/:  VjuIi  then:  in  freezing 
u;,.:'h:  /o  .  :"e  or  Kv/n  ::  tr.t-se  ci-sets  can  probably  be 
^:::>,:iV.  -.".w:  .  f  o;:r  :r.;:':'f>  :r.  c.-Ttert::'::  -w-i'i  this  woik. 


REBUILDING   OF    THE    UUUSATONIC    RIVEK  BRIDGE. 


3J 


[THE  REBUILDING  OFTE^E  HOUSATONIC 
RIVER  BRIDGE, 

SANDY   HOOK,   CONN. 


By  Alfred  11 .   Terry. 


one    wliicli    so 
engineers   that 


The  question  of  speed  of  construction  is 
frequently  occupies  the  attention  of  all  civil 
,  the  manner  and  mediods  employed  in  replacing  Rridge  No, 
1 105  of  the  New  York,  New  Haven,  and  Hartford  Railroad 
I  Company,  which  spans  the  Housatonic  River  at  Sandy  Houk  and 
[which  was  recently  destroyed  by  tire,  should  prove  of  interest 
fto  this  society. 

This  bridge  was   originally   a   deck   wooden   truss   of   three 

spans,  total   length   5C0   ft,  and  70   ft,   from  base  of   rail  to 

■low  water  level.     The  fire  which  destroyed  it  was  caused  by 

fa  live  clinker  which  dropped  from  a  locomotive  and  lodged  on 

Lthe  northwest  comer  of  the  bridge  seat  just  under  the  junction 

fof  the  end  post  and  the  l>ottom  chord.     The  bridge  crossed  the 

river   running   east   and    west.      The   fire   was   discovered   at 

1045  A.  M.,  Sunday.  November  lytli.     There  was  a  strong  wind 

blowing  from  the  northwest  and  die  timber  was  very  dry  on 

account   of   a    long-continued    drought.     Combustion    was    so 

rapid  that  all  efforts  to  check  the  fire  proved  vain,  and  at  11.55 

[A.  M,  the  bridge  was  totally  destroyed  and  in  the  river. 

Word  was  immediately  sent  to  New  Haven  and  by  6  p.  M. 

"  of  the  same  day,  under  the  direction  of  Mn  Edward  GageK 

Chief    Engineer.    Mr,   W.    H,    Moore.    Bridge    Engineer,   and 

Mr.  W.  J.  Black,  Engineer  M,  O,  W,,  a  combination  pile  and 

frame  trestle  with  openings  for  ice  way  had  been  designed  in 

its  main  features.     Meanwhile  word  had  been  sent  to  all  bridge 

1  supervisors  in  the  western  district  to  forward  at  once  to  Sandy 

Hook  all  timl>ers  and  piles  of  the  various  sizes  needed  which 

they  had  in  stock.     At  the  same  time  w^ork  trains  were  des- 

^patched  to  either  end  of  the  bridge  to  clear  the  wreckage.     We 

were  fortunate  enough  to  possess  a  small  water  pile  driver  with 

float  in  three  sections,  which  was  also  ordered  to  Sandy  Hook 

I  at  once* 
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terial,  clear  away  the  wreckage,  etc.  On  the  west  side 
there  was  a  small  derrick  car,  and  a  stationary  hoister,  which 
latter  was  set  up  on  the  west  abutment.  There  was  also  a 
switch  engine  to  handle  the  derrick  car  and  briBjE:  niaterial  to  the 
bridge  and  a  work  train  for  bringing  material,  etc.  After  the 
first  week  we  used  a  patent  car  pile  driver  for  power  on  the 
east  side  and  had  the  Atncrican  Bridge  Company's  derrick  car 
No.  204  on  the  west  side.  This  derrick  No.  204  had  a  50  ft. 
boom  and  capacity  of  50  tons  with  Ixjom  at  30  degrees.     The 


VIEW   LOOKING  EAST,    NDV.   20. 


force  at  wurk  after  November  24th  consisted  of  about  100 
carpenters  and  100  laborers,  equally  divided  as  to  the  two  sides 
of  the  river.  This  force  was  in  large  part  hrougbt  in  daily 
by  trains  from  Bridgeport,  Waterbury,  Danbury  and  one  gang 
of  tliirty-five  laborers  came  from  East  Hartford.  We  were 
able  to  board  only  about  seventy  men  in  Sandy  Hook.  These 
men  were  all  bridge  carpenters  however. 

Most  of  the  work  was  done  between  6  a.  m.  and  5  v.  m. 
(daylight  to  dark),  although  the  pile  driving  w^as  carried  on 
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lu^hl  ami  tlAy  until  conipkted.  Such  other  work  as  could  be 
ikme  At  niuht  wns  done  where  iicccssar>^  to  insure  no  delay  to 
Ihe  iv\^re?ks  i>f  the  following  day. 

The  tn^j^tlc,  a^i  nicniiiineil  above,  was  built  in  three  tiers* 
The  X\'i%  tier  was  a  four  {4)  post  frajne  bent  with  vertical  posts 
^1  (t,  lt>nfj.  The  inlenneiliate  tier  was  a  six  |>ost  frame  bent 
with  wnioal  ixvstii  jo  ft.  long,  except  where  bents  canie  an  tup 
of  ijinler  ^115,  Tlie  bottom  tier  was,  as  stated  aboire,-a  com* 
hiuatHHi  of  pile  bents,   frame  bents  and  girder  spam.     The 
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^wholc  ended  up  by  block  and  fall,  power  being  furnished  by 
le  hoister  set  on  the  west  abutment.  Where  the  sills  came 
the  water,  the  bottom  was  first  levellctl  off  with  small  stone. 
The  higher  tiers  were  put  together  on  the  tier  next  lower  and 
uded  up  in  the  same  manner.  To  do  this  it  was  necessary  that 
ich  of  the  two  lower  tiers  should  be  kept  two  bents  ahead  of 
le  one  next  higher.  All  timber  was  cut  on  the  track  level  and 
lowered  into  position  by  the  car  derrick  until  the  arrival  of  the 
Unerican  Bridge  Company's  derrick.  The  girders  for  the 
lest  span  were  unloaded  by  hand  and  taken  on  skids  to  their 
esting  place,  power  being  applied  through  block  and  fall  from 
ae  hoister.  These  girders  were  55  ft.  long  and  4  ft,  6  in, 
leep.  The  center  pair  came  riveted  together  and  were  placed 
rithout  cutting  them  apart.  After  the  arrival  of  the  American 
J  ridge  Company's  derrick  all  bents  were  put  together  ashore 
l^nd  carried  out  by  the  derrick  and  placed  bodily.  The  iron 
)f  the  center  span  was  placed  by  the  derrick.  The  girders 
)f  these  spans  were  55  ft.  and  46  ft.  long,  respectively.  The 
^*est  span  and  the  two  higher  tiers  of  the  center  span  Including 
girders  were  built  by  the  west  side  force, 

C)n   the  east   side   the  construction  and  mediod   were   both 

iiflferent.     All  except  five  bents  of  the  btittom  course  were  pile 

Its.     The  girders  43  ft.  long  w^ere  lowered  to  the  river  bank 

l>y  the  steam  wrecking  derrick  mentioned  al>ove  and  hauled  into 

:>sition  by  block  and  fall  with  the  land  driver  furnishing  the 

>wef.     This  gave  a  level  surface  to  work  on  and  the  next 

course  was  put  together  and  laid  fiat  on  the  course  beneath 

?fore  a  bent  was  raised.     All  the  timber  on  this  side  was  cut 

3n  the  river  bank  just  south  of  the  bridge  and   from  there 

carried  to  the  foot  of  the  abutment,  from  which  point  each  stick 

Iwas  telegraphed  to  its  destination  by  a  fall  running  from  the 

[patent  driver  on  top  of  the  abutment  to  the  east  pier.     The  bent 

inearest  the  pier  and  farthest  from  the  driver  was  put  together 

Ifirst  and  hauled  into  position  with  its  sill  resting  on  its  bearing 

ion  the  rangers  of  the  tier  below.     The  next  bent  was  tlien 

Iramcd  and  hauled  into  its  position  with  its  top  resting  on  the 

Srst  bent,  and  so  on.     When  the  entire  tier  was  thus  in  place, 

ach  bent,  beginning  with  the  one  nearest  the  abutment,  was 

aded  up  and  stayed  in  position,  after  which  the  rangers  were 

kclegraphed  into  position  and  do  welled  down.     The  top  course 
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was  placed  in  the  same  manner.  On  this  tier,  after  the 
timbers  had  been  cut,  fourteen  horses  were  carried  to  their 
desttnation  piecemeal,  put  together,  and  erected  in  thirteen 
hottrs* 

Each  bent  of  the  entire  structure  was  braced  travcrsely  by 
a  single  X  brace  of  3  in.  by  10  in.  pine  spiked,  with  yi  in. 
by  8  in.,  hostt  spike.  Tlie  structure  v^-as  braced  longitudinally 
by  a  triple  row  of  ranges  between  the  intermediate  and  bottom 
tiers  and  a  double  row  of  rangers  between  the  intermediate  and 


BRIllGB  PtACriCALLV  COHPLrrE. 

top  tiers.  In  addiiion  to  this,  there  was  a  single  row  of  X 
bracing  placed  longitudinally  for  the  two  highest  tiers.  No 
dowels  were  used  except  for  the  rangers  and  track  stringers 
anil  no  mortise  joints  at  all ;  all  joints  being  made  by  spiking 
a  plaster  of  3  inch  plank  to  cap  and  post  and  sill  and  post. 
Cliocks  were  placed  under  all  vertical  posts  between  cap  and  sill. 
Dn  the  west  sitle  the  track  stringers,  ties  and  rails  were 
carried  out  with  the  top  tier,  two  methods  being  employed. 
Before  the  arrival  of  the  .\nierican  Bridge  Company *s  derrick. 
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the  Stringers,  ties  and  rail  were  carried  out  by  the  small  car 
derrick  and  placed  piecemeal.  After  the  arrival  of  the  Ameri- 
can Bridge  Company's  derrick,  a  panel  of  track  36  ft.  long  was 
put  together  ashore,  carried  out  as  a  whole  and  placed  bodily. 
On  the  east  side  the  top  tier  was  complete  before  any  of  the 
stringers  were  placed.  Here  the  stringers  were  all  framed  on 
the  river  bank  and  hauled  into  position  by  the  patent  driver, 
after  which  the  track  forces  placed  the  ties  and  rails. 

The  total  amount  of  square  timber  was  270,000  bd.  ft. 
exclusive  of  waste,  which  was  very  small.  Of  this  amount 
90,000  bd.  ft.  was  in  stock  at  the  time  of  the  fire  and  the 
remainder  was  bought  in  the  market  and  *  forwarded  to  the 
work  as  required.  There  was  practically  no  delay  to  the  work 
after  November  23d  on  account  of  the  lack  of  material,  for 
which  credit  is  due  the  Purchasing  and  Transportation  Depart- 
ments. 

The  first  regular  train  crossed  the  new  structure  December 
7th  at  246  p.  M.,  just  seventeen  days  and  three  hours  from  the 
discovery  of  the  fire,  and  about  fourteen  and  one-half  days  from 
the  time  the  first  timber  was  framed. 


4*  TWEXTY-SECOXD  ANNUAL   MEETING. 


STREET  SCENES    IN    MANILA  AND  LIFE 
IN  THE   PHILIPPINES.* 

By  Desmond  Fitzgerald,  Consulting  Engineer. 

I  wisli  to  thank  you  for  tliis  hospitable  reception  and  most 
complimentary  allusion  to  my  work.  You  know  it  is  always 
a  great  aid  to  a  man  to  give  him  a  good  send-off.  but  much  as 
I  need  that.  I  really  feel  alreaily  more  or  less  at  home  with  the 
Connecticut  Society  of  Civil  Engineers,  with  many  of  whom 
I   already  have  such  a  pleasant  acquaintance. 

My  only  wish  is  that  I  may  be  able  to  give  you  as  much 
information  as  the  flattering  words  oi  your  chainiian  may  lead 
you  to  antici{^>ate.  I  do  not  know  whether  it  is  practicable  to 
tell  y«>u  much  that  is  new  about  the  Philippines ;  the  only  thing 
that  I  can  v.lo  is  to  descrilx?  scenes  as  I  saw  them.  My  address 
will  Ik*  really  of  the  nature  oi  an  inf«.^rmal  illustrated  talk. 
Al>»ut  two  years  ag->  I  was  sent  there  by  the  government  to 
make  rc[v»rts  on  the  water  supi^ly  and  sewerage  systems  of 
Manila.  While  there  I  :ov'k  al^nit  six  hundred  photographs, 
particularly  of  street  sectios  in  Manila,  and  the  views  you  will 
see  this  aftcrnvH»n  are  taken   in.>ni  these  pictures. 

The  Philippine  Islands  liave  been  much  in  evidence  during 
the  last  few  years,  since  they  have  been  acquired  by  the  United 
States,  and.  as  is  quite  natural,  there  exists  an  earnest  desire 
on  tlie  ^virt  of  the  pe\^ple  to  form  some  conception  of  what  they 
are  really  like.  You  cannot  get  a  corr.plete.idea  from  reading 
histories  of  the  Islatuls,  or  from  accoimts  of  their  inhabitants, 
however  accurately  they  may  Iv  ^v.^rt rayed.  In  reality  these 
desc ripti^^^ns  are  very  oi.:i fusing.  t.^n  the  one  side  we  hear 
tlui:  the  people  are  gev:!e,  iiiclily  civilized,  ready  for  self- 
govenimeiU.  aiul  oppre>sevl  Sy  uti  it'vader.     On  the  other  hand, 

*  Mr.    l-^'.t 'i;cr,i!v!'>    'Avf.iro    wa-i    ''!-.:<tr.itt''.:    by    iv.interous    beautifully 
vv^^TVv'.  >u'ri\«piiv.'»\  v'A-\\x.    w'.vvr'i.  u-.*'\TCi:!!a:e".>\  t>.t  Society  is  unable 
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we  hear  that  the  Islands  are  composed  of  sa%^age  tribes,  sunk 
in  Ignorance  and  darkness,  into  which  the  light  of  civiUzation 
will  perhaps  have  to  shine  for  a  century  or  more  in  order  to 
illuminate  their  minds  so  that  they  will  be  in  a  condition  of 
self-governmenL  Now  with  two  such  divergent  views*  what 
are  we  to  think?  I  hope  by  showing  you  these  pictures  of 
actual  scenes  to  be  able  to  give  you  an  opportunity  to  take  a 
little  journey  as  it  were  and  to  see  things  exactly  as  if  you 
were  there :   statistics  will  be  avoided  as  far  as  possible. 

Manila  is  almost  a  perfectly  level  city:  it  is  built  oji  the  delta 
of  the  Pasig  river.  It  is  only  a  couple  of  feet  above  the  ocean. 
The  rise  and  the  fall  of  the  tide  is  only  about  a  foot  and  a 
half.  You  can  readily  understand  that  when  there  is  a  very 
heavy  freshet  in  the  river  the  city  must  be  inundated,  I  was 
in  the  Philippines  during  the  dry  season,  but  since  I  left  there 
has  been  one  rainfall  of  17"  in  about  thirty  hours,  and  as  a 
consequence  practically  the  whole  city  was  under  water,  which 
was  three  or  four  feet  deep  in  the  streets. 

As  you  may  expect  in  a  city  built  upon  a  delta  formation 
there  are  large  ditches  or  canals  extending  in  many  directions 
throughout  ^lanila.  They  are  used  for  purposes  of  naviga- 
tion and  for  transferring  merchandise  in  boats  of  small  draft 
from  vessels  in  the  harbor  to  di  liferent  warehouses  on  the  lines 
of  the  canals.  On  the  southerly  bank  of  the  river  and  one 
of  the  first  objects  to  attract  one's  attention  as  we  enter  the 
city,  are  the  fortifications  around  the  old  city  of  Manila  built 
by  the  Spaniards  several  hundred  years  ago.  They  are  about 
forty  feet  in  height  and  extremely  solid  and  well  constructed 
and  of  dark  colon  They  enclose  but  a  small  part  of  the  city, 
but  are  entirely  built  over  with  houses,  churches  and  shops,  of 
masonry  construction  and  Spanish  architecture.  The  total 
population  of  the  city  is  alx>ut  230.000^  largely  natives,  with  a 
sprinkling  of  Chinese,  English,  Americans  and  other  foreigners. 
The  Government,  in  order  to  gain  access  to  this  part  of  the 
city,  has  made  a  few  wide  holes  through  the  walls,  for  the 
purpose  of  buiiding  wider  streets.  The  old  entrances  were 
through  very  narrow  passageways  where  a  driver  had  to  come 
to  a  stop  if  there  was  a  team  coming  in  the  opposite  direction. 
These  slides  will  give  you  a  better  idea  of  the  situation  than 
any  I  can  elabf:)rate. 
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Yc»u  \\-ill  nc»tice  these  gentlemen  in  white  cotton  or  linen 
clothes.  Ever>bcKiy  wears  the  thinnest  and  coolest  garments  in 
Manila.  The  first  thing  to  be  done  on  reaching  the  cit>'  is  to 
buy  a  half  dozen  suits  which  are  niceh*  made  to  order  for  four 
or  five  dollars  a  suit.  Washing  is  inexpensive  so  that  a  clean 
suit  is  worn  ever}-  day.  The  Arjamiento  is  the  Government 
buildincr,  formerly  the  seat  of  Spanish  rule  and  now  used  by 
the  Philippine  Commission  for  their  offices.  The  architecture 
is  simple  and  beautiful  and  the  interior  finish  and  decorations 
are  in  full  harmony  with  the  fine  facade.  The  large  Assembly 
hall  is  (.»ne  oi  the  finest  rooms  I  have  ever  seen.  It  is  finished 
in  white  with  touches  oi  gold  and  the  walls  are  covered  with 
old  rose  brocade. 

You  can  see  as  you  pass  from  one  to  another  of  these  street 
scenes  how  clean  the  pavements  are.  If  the  Government  is 
praised  for  nothing  else,  it  should  receive  credit  for  having 
produced  remarkably  clean  streets.  Even  in  the  suburbs  of 
the  city  the  streets  are  in  excellent  condition:  in  fact  I  know 
of  no  American  city  where  the  streets  are  kept  as  clean. 

Inside  of  the  old  walled  city  there  are  a  great  many  churches, 
many  of  which  are  extreir.ely  interesting.  The  cathedral  is 
a  ver>'  large  and  substantial  building  and  parts  of  it  are  ver\' 
line.  Anyone,  I  think,  would  be  surprised  to  see  in  a  cit>'  like 
Manila  a  building  of  this  character.  The  interior  is.  as  you 
see,  magnificent  in  proi^^rtions  and  desigrn.  Oi  course  earth- 
(juakes  are  the  great  enemies  of  such  massive  construction,  and 
when  a  heavy  masonry  building  is  shaken  down  it  is  apt  to 
result  in  great  loss  oi  life :  on  the  other  hand,  the  houses  of 
native  construction  are  so  light  and  elastic  that  you  may 
generally  crawl  out  from  under  them  without  .serious  results. 
The  Spanianls,  iluring  their  ixxnination,  ^dd  a  great  deal  in  the 
way  of  establishing  churches  all  over  the  Islands.  They  have 
hardly  received  j^roper  credit  for  this  work.  Not  only  did  they 
build  churches,  but  many  other  substantial  building^s,  bridges 
and  roads. 

You  will  notice  in  these  pictures  that  children  are  ever>'where 
in  evidence  ;  they  are  very  fond  oi  having  their  pictures  taken. 
aiul  although  some  may  l>e  invisible  when  the  camera  is  set  up 
there  is  sure  to  be  three  or  four  spring  out  of  the  ground 
befitre  the  bulb  is  pressed.     They  sometimes  serve  as  a  scale 
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for  judging  the  dimensions  of  a  picture,  as  for  instance  in 
these  beautiftiUy  carved  doors  of  the  church  of  St,  Augustine 
which  are  said  to  be  very  old.  This  is  the  interior  of  that 
church  taken  one  Easter  Sunday  morning  by  candle  light  and 
requiring  seventeen  minutes  exposure.  During  that  6me  the 
audience  was  quiet  and  they  show  ^vell  in  the  photograph,  but 
the  preacher  was  so  active  that  he  turned  out  to  be  a  roynd 
bundle  of  cotton  wool  when  he  was  developed.  In  the  choir 
loft  I  found  this  beautiful  piece  of  old  Spanish  carving,  said 
to  be  three  hundred  years  old,  and  one  of  the  most  remarkable 
lecterns  I  have  ever  seen.  The  monaster}'  connected  w  ith  this 
church  is  very  extensive  and  covers  a  whole  square. 

In  the  old  walled  city  of  Manila  the  streets  are  all  of  the 
same  general  type,  so  I  will  show  you  only  one  or  two  of 
them  ;  the  houses  all  look  alike^  and  are  founded  on  the  idea 
of  adaptability  to  the  climate.  Yet  there  are  differences,  and 
anyone  who  had  the  time  to  study  and  classify  them  would 
find  it  an  interesting  problem ;  the  upper  story  is  generally 
bracketed  out  from  the  main  wall,  and  tliis  false  front,  as  it 
were,  is  provided  with  sliding  windows  or  blinds  which  keep  the 
sun  from  shining  into  the  bed-rooms.  It  struck  me  that  wc 
had  not  profited  from  the  long  experience  of  the  Spaniards  in 
tropical  countries  in  building  some  of  our  own  houses  in 
Manila,  many  of  the  latter  being  entirely  inappropriate  ta  the 
climate.  The  principal  bridge  connecting  the  two  portions  of 
the  city,  which  are  separated  by  the  Pasig  river,  is  called  the 
bridge  of  Spain ;  it  is  a  massive  structure  of  stone  arches 
over  which  large  crowds  are  constantly  passing,  and  here  you 
will  see  representatives  of  all  nations.  The  native  boats,  which 
are  constantly  passing  back  and  forth  on  the  canals,  are  very 
picturesque.  They  are  poled  by  nearly  naked  men,  who  walk 
on  bamboo  projections  which  are  bracketed  out  from  the  sides 
of  the  boats,  and  by  means  of  long  poles  the  heavily-laden  ban- 
cos  are  propelled.  The  merchandise  is  covered  by  bamboo 
mats,  in  fact  almost  everything  in  the  Philippines  is  made  of 
bamboo.  The  motion  of  the  boats  is  naturally  very  slow  and 
deliberate.  I  suppose  there  are  23,000  people  living  on  these 
boats  in  Manila:  they  make  very  picturesque  and  artistic  sub- 
jects for  those  who  are  fund  of  color  and  movement.  The  lx>at- 
men  themselves  are  athletic,  and  the  play  of  their  muscles  and 
their  absorption  in  the  work  is  very  entertaining. 
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The  Streets  are  carried  across  the  canals  by  small  arch 
bridges  of  masonry.  The  Spaniards  are  good  masons.  Here 
is  a  picture  showing  natives  carrying  water  in  barrels  and 
buckets  from  the  city  hydrants  to  tlieir  houses.  Their  build- 
ings? as  a  rule  are  of  such  a  character  that  they  cannot  well 
have  plumbing  in  them. 

Perhaps  this  is  a  gooii  place  to  say  a  few  words  in  regard  to 
tlie  water  supply.  In  1743  a  public-spirited  citizen  of  Manila 
bevpieaihevl  the  sum  of  $10,000  for  the  construction  of  a  public 
water  supply.  This  fund  was  so  well  managed  that  in  1867 
it  amounto\l  to  S355.70t>  and  at  that  time  the  present  works 
were  start t\l  and  they  wore  completed  in  1882.  Water  is 
pum[K\l  trv>m  the  Marinuiiia  river,  a  few  miles  above  the  city, 
auvl  delivorcvl  to  a  c*.>vorod  reser.oir  three-quarters  of  a  mile 
vHUside  the  city  limits.  This  is  a  particularly  fine  piece  of 
Ov>nstruction.  It  holds  10.000.000  gall«>ns  and  is  excavated 
entirel\  out  of  a  soft  nx^k.  The  roof  is  eight  feet  in  thickness. 
V>on\  this  reservoir  water  is  cv^nveye'i  to  the  city  through  a 
-Xv-inch  cast-iron  main.  In  acditi.:-:  to  the  bad  quality  of  the 
water,  the  supplx  is  insufliciem  for  the  present  demands  of 
the  citv  auvl  it  is  prv>iK>sal  to  ^ro  t>  a  new  source  and  to  build 
\\v>rk>;  U'ltcr  avlaptcvl  to  Tv.eet  rh.e  wants  «:■:  the  city.  One  of 
the  iuonI  M.*rious  trou]>!os  c-.n^r^ccrc-.:  with  the  drinking  of  water 
in  the  IMiilippiiK's  is  tho  prcsc'^ov.'  ■;■:  amoeba  in  the  water. 
This  liiiU'  prv>u>/oan  i>  th.o  s-^nrcc  :"  -''.ore  trouble  than  I  can 
well  vk'sciilv.  He  rirst  piwhxxs  ;.\  <c::tery.  and  if  this  is  not 
cined  at  onee.  m  the  cv>in-sc  v^'  a  .v.ip'f  •;:  \ears  death  ensues. 

I  v\ui.v:lil  iln\  vh^ea^e  vivselt  soir  .ifttT  *"■  arri\-al  in  Manila 
UHvl  Wvix  ohh^vvl  lv>  ji^v^  i:Moiii:l>  a  ruti^er  severe  course  of  treat- 
ment 1 01  ihiee  weeks  Ktorv  a! I  o:  the  am«?eba  could  be 
ei.iduMted  hvuti  \\\\  >\>tef:v  To  et'snrv  safety  it  is  necessary 
toi  eNei\  vMie  \iMiiii5;^  lite  r''*''.pp'"es  to  see  that  all  of  the 
waiei  whieli  iiie\  vliirk  in  Kvlo.i  .^v  e!>e  to  orink  nothing  but 
tH'tiKil  w.iiei  \i  |Me>eni  i'»eve  s  •*•;'  rea!  seweragfe  system 
III  M.iml.i.  l»ui  one  Im>  \v»*  •^.r'"e«*.  jl'^O.  is  soon  to  be  carried 
i.4ii.  ilu-  .i|»|»M»j>i  laiionx  t.'i  iIm?  ?>y*v>t'  !M\:n:^  been  made. 

1  will  ni«\\  \hv»\\  wit  Ne\e^.i'  *ne*.v.vv<  ■;!  the  people  as  one 
mevi\  ilu-m  i»n  e\e»\  It.mJ.  r'\-  w.i-'e''  wt^!  mv  heartv  rcspect ; 
itifN  .il\\.i\  »  .n»|»iMted  iv  Iv  ■Mi>\  u:i'^    ^s^esric  duties  or  aiding 

I I  KM    IniiUinvU  Ml   [msam'vnn  :iM'. 'eJv      The  o^stumes  worn  are 


STREET  SCENES  IN   MANILA. 


47 


adapted  to  the  climate.  Here  you  will  see  the  process  of  win- 
nowing rice.  The  houses  are  extremely  simple  and  so  con- 
structed that  the  air  will  circulate  freely  through  them.  The 
frames  may  he  entirely  of  bamhoo  and  bamhoo  matting  forms 
the  sides  of  the  houses.  The  lower  stories  are  generally  used 
for  the  storage  of  carts  or  tools  and  are  often  open  so  that  the 
hens  and  pigs  may  roam  freely  under  the  living  part  of  the 
house.     The  roofs  are  thatched  with  Nepa  palm  leaves. 

The  caribou  is  the  leading  domestic  animal  in  the  Philip- 
pines. He  is  indispensable.  Tie  is  the  ox,  and  the  horse*  and  is 
one  of  the  most  patient  and  hard-working  animals  I  have 
ever  seen.  It  is  remarkable  to  see  how  well  they  can  be  driven 
tlirough  the  thickly  crowded  streets  and  guided  with  but  one 
rein.  He  is  amphibious  and  will  die  if  not  allowed  to  wallow 
in  the  water  several  times  a  day. 

The  forests  in  the  Philippines  are  filled  with  tine  timber. 
I  have  never  seen  a  greater  variety  of  hard  woods.  Many  of 
them  are  susceptible  of  a  high  polish  and  some  of  the  trees 
are  so  large  that  a  dining  table  is  frequently  made  from  one 
section  of  a  tree.  Here  is  a  Filipino  sawmill  run  by  China- 
men, who  do  a  large  share  of  the  framing  and  carpenter  work 
in  Manila,  A  great  deal  of  the  heavy  work  in  the  city  is  done 
by  this  race.  They  seem  to  have  a  monopoly  of  loading  mer- 
chandise from  the  wharves  to  the  steamers. 

The  Filipinos  are  very  fond  of  cock  fighting*  and  they  some- 
times carry  the  birds  around  with  them  in  the  streets.  The 
Government  does  not  allow  them  to  have  cocking  mains  within 
the  city  limits,  but  just  outside  the  line  there  are  very  large 
buildings  devoted  to  this  sport. 

The  Pasig  river,  flowing  as  it  does  directly  through  t!ie  heart 
of  the  city,  is  one  of  the  most  impressive  topographical 
features,  In  many  places  the  houses  are  built  close  to  the 
water  and  even  project  beyond  the  brink.  In  the  finer  houses 
these  projections  take  the  form  of  terraces  and  on  a  bright 
moonlight  evening  the  views  from  these  terraces  become  fairly 
enchanting,  and  occasionally  music  may  be  heard  in  connec- 
tion with  the  various  forms  of  enjoyment  or  entertainments 
in  progress.  In  the  lower  beaches  of  the  river  before  it 
empties  into  the  bay,  its  banks  are  bordered  by  storage  ware- 
houses   or    manufactories    and    here    the    shipping    is    thickly 
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cr  ITT  fed  ioT  roc^zn.  S*o  great  is  the  necessit>-  for  more  wharf 
r>:n:  that  ihc  ^jC'vemnient  is  creating  a  large  area  for  wharves 
cci  zht  >^:--::her!y  side  oi  the  river  and  behind  the  breakwater, 
which  wards  ott  the  deadly  t>phc<»ns. 

As  ever>-oiie  knows,  there  are  many  different  races  or  tribes 
in  the  Philippines  and  they  differ  lai^ely,  both  in  their  physical 
ceYel'i-pTTiei:!  and  in  their  social  condition,  habits  and  customs. 
I  T%-as  fortunate  in  being  able  to  get  some  pictures  of  the 
B-c^'ib-js.  a  peaceable  people  living  near  the  warlike  Moros  on 
or.e  of  the  sc«uthem  islands.  They  were  on  their  way  to  St. 
Lc'-^ds  snd  were  arrayed  in  elaborate  bead  work.  The  people 
ar:*"jnc  Manila  are  known  as  Tacra!«::^s.  and  farther  north  in 
the  islar.d  of  Luzon  are  the  Igorrotes.  a  hardy,  muscular  people 
who  live  in  the  ir.ountains  and  are  accustomed  to  carrying 
hea\y  !c«ads  upon  their  backs.  I  made  a  trip  into  Benguet, 
the  land  of  the  Is^orrotes.  It  is  here  that  the  Government  is 
enoeavorincT  to  form  a  summer  capital.  Some  of  these  \news 
were  taken  on  the  well  known  Benguet  road,  a  ver}-  difficult 
mountain  highway  leading  to  the  interior  and  rising  to  the 
tableland  four  thousand  five  hundred  feet  above  the  sea. 

I  have  added  a  few  slides  to  give  an  idea  of  the  picturesque 
character  of  nuich  of  the  scener>-  in  the  Philippines.  There 
are  beautiful  mountain  ranges,  rivers  and  \"alleys  in  every 
direction.  Many  of  the  mountains  rise  to  a  height  of  8,000 
feet  and  afford  every  variety  ox  outline.  The  \-alleys  are  fer- 
tile and  capable  oi  supp^'^rting  a  large  population.  Whether 
the  average  native  will  rise  in  time  to  a  conception  of  his 
opportimities  and  become  capable  oi  taking  his  place  along- 
side of  the  vigorous  and  highly  cirilized  peoples  of  the  world, 
I  leave  the  future  to  detenuine. 
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DISCUSSION, 


Sewage  Disposal  at  Watrrbury. 

^[r.  Cairxs  :  "I  mi^ht  say  that  in  the  winter  of  1893-1894  this 
matter  was  hrought  up  in  the  General  Assembly.  I  think  it 
came  up  in  the  form  of  a  hill  authorizing-  the  city  to  issue  bonds 
to  build  works  to  take  care  of  its  sewage,  and  it  was  understood 
that  one  of  the  methods  used  might  be  the  construction  of  a 
trunk  sewer  down  the  Naiigatuck  valley,  to  dischai^e  off  Mil- 
ford  Point,  and  at  the  hearine^  before  the  committee  the  different 
commimiiies  down  the  river,  and  communities  along  the  shore, 
like  Woodmont.  and  along  in  there,  were  represented,  and  were 
yety  violent  in  their  opposition  to  such  a  method  of  treatment. 
It  did  not  seem  at  all  probable  that  any  legislation  anthorizing 
such  a  method  of  disposal  would  stand  any  chance  of  getting 
through* 

"I  would  like  to  say  in  further  reference  to  the  plant  at  Colum- 
bus, Ohio,  that  after  carrying  on  these  experiments  in  the  way 
I  speak  of  they  decided  to  use  a  method  of  disposal  consisting  of 
sprinkling  filters  somewhat  upon  the  same  general  principle  as 
this  one  illustrated  in  the  photograph,  and  they  expected  to  be 
able  to  pass  sewage  through  those  filters  at  the  rate  of  two 
million  gallons  per  day  per  acre,  Tliat  compared  with  the 
standard  method  of  treatment  by  intermittent  filtration  through 
gravel,  where  from  only  one  to  two  hundred  thousand  gallons 
per  day  per  acre  is  considered  a  very  good  rate,  gave  a  much 
larger  result.  You  see  with  the  other  plan  an  acre  does  fifteen 
or  twenty  times  as  much  work,  and  if  the  area  is  limited,  or 
proper  material  is  hard  to  get,  as  it  is  in  Coltunbus  and  Water- 
bury,  it  gives  a  great  advantage.  Tliat  higher  rate  of  disposal  is 
something  of  inunense  importance.  As  I  understand  it,  at 
Columbus  they  could  not  get  any  sand  suitable  for  intermittent 
use  except  by  bringing  it  by  train  from  Lake  Erie,  which,  of 
course*  made  the  expense  prohibitory, 

"There  has  been  a  change  in  the  periixl  at  which  No.  2  is  run. 
It  is  nin  on  a  period  of  twenty-four  hours," 
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A  Member  :  "Mr.  Cairns,  can  you  explain  right  there  why  you 
made  that  change?''  Mr.  Cairns  referred  to  Mr.  Taylor,  who 
answered. 

Mr.  Taylor:  ''The  change  was  made  hoping  to  reduce  the 
amount  of  nitrites  and  nitrates  in  the  tank  effluent.  Under  the 
sixteen-hour  period  the  septic  tank  effluent  contained  dissolved 
oxygen,  and  the  tank  period  was  lengthened  in  order  to  increase 
the  putrefactive  activity.  The  presence  of  nitrates  in  septic 
sewage  is  rare  and  dissolved  oxygen  is  never  found  in  active 
tanks.  I  believe  in  Exeter,  England,  both  nitrites  and  nitrates 
were  found  in  the  septic  sewage. 

**We  dislike  to  find  it  necessary  to  lengthen  the  periods  for 
the  reason  that  an  increase  in  the  period  means  an  increase  in 
the  size  of  the  tanks,  and  the  construction  of  tanks  sufficient  to 
retain  the  sewage  of  a  city  as  large  as  Waterbury  for  twelve 
hours  or  more  is  very  expensive.  We  had  expected  that  we 
would  have  to  construct  tanks  having  an  area  of  four  acres,  but 
if  we  find  it  necessary  to  lengthen  the  period  very  much  we  will 
be  obliged  to  increase  the  tank  area." 

Mr.  Cairns:  "Now  in  regard  to  that,  I  have  here  some  sam- 
ples of  the  effluent  from  the  sand  filtration  No.  3,  running  at 
the  rate  of  two  hundred  thousand  gallons  a  day  per  acre,  which 
have  been  in  the  incubator  at  a  temperature  of  one  hundred 
degrees  since  the  17th  of  January,  and  you  can  see  it  is  perfectly 
clear,  having  no  putresciblc  matter  in  it.  If  you  get  near  enough 
to  it  you  will  discover  that  it  has  no  odor. 

"To  produce  a  non-putrcscible  etHkient.  I  think  that  is  a 
statement  of  the  condition  which  has  been  met  in  sewage  disposal 
nine  times  out  of  ten.  Of  course,  there  are  a  few  cases  on 
large  watersheds,  like  that  of  the  Metropolitan  district  around 
Boston,  where  the  effluent  from  the  sewage  disposal  goes  into 
small  streams  and  then  directly  into  reservoirs  allowed  to  be 
used  as  jx^table  water.  There,  of  course,  the  important  element 
is  to  get  an  almost  perfect  j)urification,  but  in  general  the  great 
problem  today  is  to  discharge  your  sewage  into  the  river  in  such 
a  condition  that  it  will  not  produce  secondary  putrefaction,  even 
in  warm  weather  when  the  stream  is  at  the  lowest,  and  to  expend 
money,  either  in  the  first  cost  or  in  the  operation,  to  get  a  higher 
quality  than  that  is  to  waste  it. 
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*'I  would  like  to  say  abt^iit  these  samples  that  you  will  find 
some  suspended  matter  in  them.  The  one  at  the  higher  rate 
especially  has  gradually  gathered  quite  a  little  in  the  month  that 
it  has  been  in  the  incubator,  but  if  you  will  smell  of  it  you  will 
discover  that  there  is  no  odor  which  would  indicate  any  putrefac- 
tion, and  that,  of  course,  is  all  that  we  need  to  achieve.*' 

The  F^Ri:sir>EXT :  Gentlemen,  you  have  heard  Mr.  Cairns' 
interesting  paper,  and  his  coniinents  to  us.  It  is  now  open  for 
further  discussion,  I  think  those  w^ho  are  familiar  with  the 
conditions  in  Waterbury  will  say  that  he  is  working  on  the  right 
line  in  order  to  find  a  method  of  treatment  which  will  render  the 
effluent  practically  non-put rescible.  There  are  some  sanitary 
engineers  here,  whom  I  have  no  doubt  will  be  glad  to  discuss 
this  further.     Mr.  Kelly,  have  you  any  questions  to  ask  ? 

Mr,  Kelly  :  I  have  not  had  an  opportunity,  i\Ir.  President, 
to  consider  the  paper  ver\'  carefully. 

A  Member:  Do  you  have  a  system  in  Waterbur>'  devised  to 
take  the  surface  water  in  separate  sewers  or  in  the  same? 

AfR.  Cairxs:  in  some  parts  of  the  city  we  have  the  combined 
system,  and  in  other  parts  we  have  the  separate,  Tn  a  small  part 
of  the  city  we  have  the  separate  system. 

The  Preside  NT :  So  that  you  have  to  take  care  of  a  large 
portion  of  your  rainfall  at  these  outlets? 

Mr.  Cairns:  Yes. 

The  President:  And  at  present  you  discharge  your  sewers 
at  a  number  of  places  into  the  river  wherever  it  is  most  con- 
venient? 

Mr,  Cairns  :  Yes. 

The  President:  And  these  large  conduits  you  are  building 
are  for  the  purpose  of  cutting  off  all  these  sewers  generally 
which  are  discharged  into  the  river  and  bringing  them  together 
so  as  to  control  the  output  into  the  river  ? 

Mr.  Cairns:  To  get  them  all  together  into  the  one  conduit  so 
as  to  carry  it  down  to  the  beds. 

The  President:  You  have  sewers  on  both  sides  of  the  river? 

Mr.  Caikxs:  Yes:  the  conduit  where  these  sewers  discharge 
is  in  the  bed  of  the  river,  just  below  it. 

The  President:  So  you  merely  extend  your  sewers  from 
the  present  outlet  to  the  new  sewer  that  you  are  building  in  the 
bed  of  the  river  ? 
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Mr.  Cairns:  The  grade  of  these  sewers  was  arranged  so  as 
to  discharge  above  the  bed  of  the  river,  but  it  is  now  arranged 
so  as  to  take  the  sewage  under  the  bed  and  discharge  into  this 
new  conduit. 

The  President  :  Do  you  mean  to  use  those  outlets  as  a  means 
of  overflow  for  your  surface  water? 

Mr.  Cairns:  Yes. 

The  President  :  You  would  be  allowed  to  turn  your  storm 
water  for  that  territory  into  the  river,  would  you  not? 

Mr.  Cairns  :  Yes,  we  will  get  the  sewage,  and  we  will  get  the 
first  flush  of  our  gutters,  and  then  beyond  that,  when  the  sewer 
fills  up,  a  large  part  of  it  will  go  directly  into  the  stream. 

Question  :  That  you  are  allowed  to  do? 

Mr.  Cairns:  Yes. 

A  Member:  Do  you  have  any  danger  of  overflow  in  doing 
that  ? 

Mr.  Cairns  :  No,  we  probably  won't  handle  at  any  time  more 
than  twice  the  ordinary  sewage  flow.  We  do  not  expect  with  the 
present  population  that  it  will  ever  run  more  than  half  full. 

A  Member  :  It  can  do  so  during  a  storm,  can't  it? 

Mr.  Cairns:  It  is  not  anticipated  that  it  will  ever  run  more 
than  that.  That  is,  the  connections  l)etween  the  terminal  cham- 
bers and  the  conduits  are  not  large  enough  to  discharge  into  the 
conduit  more  than  that  ([uantity.  The  conduit  running  full  will 
carry  about  twenty-seven  million  gallons. 

A  Member:  I  remember  down  at  the  bank  there  was  an 
inverted  siphon  right  across  the  river  there.  Is  that  working 
all  right? 

Mr.  Cairns  :  It  was  not  a  siphon.  It  was  just  a  twenty-four 
inch  gravity  conduit  laid  along  the  center  of  the  river. 

]\Ir.  Barney  :  I  would  like  to  ask  two  or  three  questions  of 
Mr.  Cainis  as  to  the  acidity  of  the  sewage,  and  where  there 
would  be  an  excess  of  that. 

Mr.  Cairns:  That  is  being  determined  by  chemical  analysis, 
but  for  practical  purix>ses  I  think  the  best  determination  has 
been  the  operation  of  the  sand  filters.  We  find  that  we  get  a 
sewage  there  that  is  not  an  acid  sewage  when  it  arrives  at  the 
works,  and  that  we  get  results  with  the  use  of  sand  and  sand 
beds,  showing  that  there  is  nothing  unusual  in  that  respect. 

Mr.  Barney:  I  understoo<l  you  to  say  that  there  was  an 
excess  of  nitrite  in  the  eftluent  tank. 
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Mr.  Cmrns  :  Yes,  we  found  some.  The  chemist  is  studying 
tliat  matter  ven^  carefully  now,  and  trying  to  make  up  his  mind 
what  is  the  explanation  of  that.  Of  course  we  do  get  a  great 
deal  of  acid.  We  Ho  not  know  just  how  much.  We  could  find 
out  from  the  mills  how  much  they  use,  but  a  part  of  it  only  is 
discharged  into  the  sewers.  A  larj^e  part  of  it  is  discharged 
into  the  various  brooks  that  they  find  it  convenient  to  discharge 
into,  so  it  is  not  easy  to  tell  what  proportion  of  it  does  get  into 
the  sewage. 

Mr.  Kellogg:  Is  the  water  supply  metered? 

Mr.  Cairns:  We  have  about  800  meters  out  of  over  5,000 
services.  All  the  large  consumers  are  metered,  but  the  resi- 
« dences  are  not  generally. 

The  PRF.smENT:  As  to  the  matter  of  sewers  that  discharge 
into  the  main  conduit ;  is  the  main  conduit  of  such  construction 
that  they  can  discharge  laterally,  or  directly? 

Mr.  C.\irks:  All  the  old  sewers  can  discharge  directly.  I 
think  lower  down  the  river  we  will  have  to  have  a  siphon, 
probably  at  Center  street. 

The  President:  How  is  the  bed  of  the  river,  or  the  flow, 
does  it  show  any  danger  of  interfering  with  the  laterals  or 
conduit? 

Mr.  Cairns:  I  think  the  river  has  very  little  tendency  to 
lower.     It  seems  to  maintain  its  grade  without  much  change. 

The  President:  It  looks  rocky  enough.  One  other  point  I 
wanted  to  ask  about,  and  that  is  in  regard  to  this  double  cone 
sprinkler.  I  think  in  Columbus,  Ohio,  they  propcjsed  to  use  a 
single  cone.  It  seems  to  me  your  double  cone  would  distribute 
the  sewage  a  great  deal  more  uniformly. 

Mr.  Cairns:  We  inquired  about  that.  They  tried  a  great 
variety  of  nozzles  out  there,  but  it  does  not  appear  that  they 
[  ever  struck  this  idea. 

Mr.  Kellogg:  Is  that  double  cone  your  idea? 

Mr.  Cairns:  1  cannot  say  just  who  did  devise  it. 

Mr.  Kellogg  :  I  never  heard  of  it  before. 

Mr.  Cairns:  T  did  not  get  it  up.  Do  you  know,  Mr,  Taylor? 
Did  you  devise  that,  or  did  Mr.  Johnson? 

^Ir.  Taylor:  I  was  guilty  of  it. 

Mr.  Kelly:  I  would  like  to  ask  if  in  case  of  an  epidemic  it 
would  be  possible  to  use  disinfectants,  like  chloride  of  lime,  to 
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such  an  extent  as  to  seriously  affect  your  bed,  or  to  what  extent 
you  could  use  chloride  of  lime  without  injury?  I  speak  of  that 
for  the  reason  that  I  have  had  a  little  experience  in  connection 
with  a  small  plant  in  a  place  where  they  had  an  epidemic  of 
fever,  and  chloride  of  lime  was  used  quite  extensively,  and  the 
result  was  a  complete  sterilization  of  the  bed.  I  would  like 
to  ask  whether  that  would  be  possible  in  case  of  an  epidemic  in 
a  city? 

Mr.' Cairns:  I  would  not  think  so.  We  get  a  very  large 
amount  of  ground  water,  so  that  our  sewage  is  very  dilute,  and 
I  very  much  doubt  if  they  could  throw  enough  chemicals  into 
the  sewage  to  affect  it  very  much. 

■Mr.  Ferry:  Has  there  been  any  bacteriological  examination? 

Mr.  Cairns  :  Xo,  sir ;  we  have  not  done  any  work  of  that 
sort  yet. 

Mr.  Ferry  :  How  long  can  a  sand  bed  run  without  cleansing, 
or  haven't  you  run  one  long  enough  to  find  out  ? 

Mr.  Cairns:  It  does  not  have  to  have  any  attention,  except 
when  winter  came  on  we  furrowed  the  surface. 

y\\i.  Ferry  :  I  should  suppose  that  with  the  passage  of  the 
sewage  the  fine  sand  would  clog  up  very  quickly. 

Mr.  Cairns  :  I  think  the  furrowing  is  all  the  attention  it 
needed. 

The  I^residknt:  I  understood  from  your  paper  that  you  only 
needed  to  treat  your  sewage  during  the  low  flow  months.  H 
very  dilute,  as  you  say,  with  ground  water,  it  seems  to  me  that 
you  would  not  have  to  make  provision  for  the  high  flow  months. 

Mr.  Cairns:  That  was  the  order  issued  by  the  court,  but  we, 
of  course,  have  to  keep  in  mind  the  possibility  of  future  trouble 
which  will  result  in  an  injunction  perhaps  covering  the  whole 
year. 

Mr.  Ferry  :  Is  it  necessary  to  rest  your  sand  filter  one  day  in 
seven?  I  should  suppose  with  the  small  amount  of  sewage 
running  through  there  would  be  air  enough  drawn  down  with 
the  water  to  supply  all  the  oxygen  necessar}',  which  would  make 
a  continuous  filter. 

Mr.  Cairns:  I  do  not  think  that  that  would  be  safe  to  do. 
What  do  you  think,  Mr.  Taylor  ? 

Mr.  Taylor:  The  sprinkled  sewage  falls  upon  the  top  of 
the  broken  stone  in  the  beds.     In  passing  through  the  air  the 
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sewage  receives  cansiderable  aeration.     The  sprinkling  filters 
[are,  however,  rested  during  one  day  in  eight ;  partly  for  the  con- 
venience of  the  assistants  at  the  laboratory,  as  the  resting  of  the 
plant  makes  it  possible  for  them  to  enjoy  a  day  of  rest  once  in 
eight  days,  and  partly  to  give  an  opportnnity  for  the  gelatinous 
coating  which  grows  on  the  surface  of  the  sprinkling  filters  to 
become  refluced  by  the  drying  action  of  the  sun.     This  gelati- 
inous  coating,  which  is  often  a  quarter  of  an  inch  thick  when 
'growing  under  the  sewage  spray,  reduces  to  the  thickness  of 
'  tissue  paper  upon  drying.     This  resitlue  is  easily  broken  up  and 
is  gradually  washed  away  through  the  filter  when  it  is  again 
put  into  service. 

In   the   sprinkling  filter  materia!    the   voids   have  not   been 

f greatly  reduced  during  the  five  months  of  service*     The  original 

voids  in  the  broken  stone  was  47  per  cent,  of  the  total  volume  of 

'  the  filtering  material.     At  the  end  of  fiv^  months  service  the  void 

space  was  38  per  cent.     The  reduction  of  space  within  the  filler 

w*as  therefore  only  9  per  cent.     The  effluents  from   the  rapid 

i  sprinkling  filters  are  somewhat  turl>id  and  they  carry  about  30 

Eparts  of  suspended  matter  per  million.     This  suspended  matter 

material  which  has  been  thrown  off  by  the  working  filters  and 

not  matter  which  is  subject  to  secondar)-  putrefaction.     Tlie 

^effluents  have  been  carefully  studied  as  to  stability  and  tests 

have  been  made  in  which  samples  have  been  maintained  at  a 

constant  temperature  of  99]  J  degrees  P'ahrenhcit,  for  a  period 

of  nearly  a  month,  without  obfaining  indications  of  putrefactive 

changes.     Such  a  test  is  many  times  as  severe  as  any  natural 

^condition  which  would  arise. 

Mr.  Febey:  Wouldn't  this  surface  growth  get  down  into  the 
|tank  or  work  down  into  the  stone? 

Mr.  Taylor:  No,  sir,  it  appears  just  on  the  surface.  It  is 
a  different  sort  of  gro\\^h  than  that  which  appears  below.  The 
gelatinous  growth  below  the  surface  is  not  strongly  knit 
together,  but  is  more  like  soft  jelly,  while  that  on  the  surface  has 
considerable  substance.  If  you  took  some  of  it  up  in  your  hand 
id  turned  it  over,  it  wouUl  look  much  like  one  of  the  large  slugs 
>ften  seen  in  a  damp  cellar. 
Mr,  Ferry:  Do  you  scrape  that  off? 

Mr.  TA\n.oR:  No,  we  do  not.     It  disappears  to  a  large  extent 
[during  the  day  of  rest. 
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Mr.  Ferry:  This  septic  tank  which  you  spoke  of,  is  that 
open? 

Mr.  Cairns  :  They  are  all  three  open  tanks.  Two  of.  them 
are  run  as  septic  tanks,  and  the  other  is  a  sedimentation  tank, 
which  we  clean  out  at  intervals  so  as  to  keep  it  clear. 

!Mr.  Burt  :  I  would  like  to  ask  Mr.  Cairns  if  there  has  been 
any  investigation  of  any  g^ses  that  originate  frcnn  the  septic 
tank  that  you  operate?  In  that  connection  I  would  say  that  I 
have  recently  read  of  dangerous  gases  emanating  from  a  septic 
tank  to  such  an  extent  as  to  cause  an  explosion,  and  do  quite  a 
little  damage  to  the  apparatus. 

Mr.  Cairns:  We  have  not  made  much  study  of  the  gases. 
I  think  in  connection  with  the  experiments  in  London  and  also 
at  Worcester,  they  made  a  very  thorough  study  of  the  nature 
and  amount  of  the  gas  given  off  by  septic  tanks.  It  is  well 
known  that  gas  will  generate  to  the  extent  of  causing  an  explo- 
sion if  it  is  not  given  a  free  outlet.  At  Exeter,  in  England,  they 
had  a  very  original  experiment  in  connection  with  an  hermeti- 
cally sealed  septic  tank.  I  was  very  much  interested  in  it  when 
I  was  there.  They  had  an  ordinary  street  lamp  set  up  on  the 
top  of  the  tank  and  they  amused  their  visitors  by  lighting  it.  It 
would  bum  and  make  a  very  fair  jet.  I  suppose  it  is  mostly 
marsh  gas.     It  seemed  to  burn  quite  freely. 

Mr.  Kellogg:  Your  filters  are  using  broken  stone? 

Mr.  Cairns:  Yes,  just  ordinary  trap  rock.  We  have  not 
tried  anything  but  trap  rock. 

The  President  :  In  regard  to  open  septic  tanks  I  would  like 
to  inquire  as  to  your  experience  with  odors.  Are  there  any 
offensive  odors  from  open  tanks  ? 

Mr.  Cairns:  Nothing  noticeable  as  yet  in  our  experiment 
station.  What  gas  is  given  off  is  immediately  diluted  so  much 
you  cannot  notice  it. 

Mr.  Alderson  :  At  what  period  does  that  gas  begin  to  form  ? 
Does  the  weather  make  any  difference  with  it  ? 

Mr.  Cairns:  Of  course,  it  has  only  been  operated  so  far  in 
cold  weather.  It  starts  to  form  a  little  scum  and  when  there 
comes  a  rain  it  seems  to  disappear  after  that.  I  saw  some  tanks 
in  Leeds,  England,  that  had  a  most  astonishing  crust  on.  I  saw 
on  one  of  them  beautiful  green  grass  growing  on  the  crust  a 
foot  high.     There  were  five  feet  of  sewage  underneath  it  chang- 
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ing  all  the  time.  On  the  other  hand,  at  Birmingham  I  saw  some 
open  septic  tanks  that  did  not  seem  to  gather  any  scum  at  alL 
They  said  there  tt  would  show  a  tendency  to  gather  a  little  bit, 
and  then  there  would  come  a  time  when  there  was  a  change,  or 
when  they  had  a  httle  showxr  of  rain,  and  it  would  all  disappear. 
There  must  be  something  in  the  weather  to  cause  it. 

Mr.  Jacksox  :  Mr.  Cairns*  in  your  visit  to  England  did  you 
notice  whether  they  had  any  electrically  operated  sprinklers? 
Was  the  sewage  screened  or  taken  care  of  by  baffle  boards  or  w*as 
it  so  comminuted  that  it  gave  no  trouble  ? 

Mr.  Cairns:  I  did  not  see  any  electrically  operated  sprink- 
lers, but  the  best  works  have  the  sew^age  very  carefully  screened 
before  it  goes  into  them.  That  is  the  best  system  that  I  saw 
working  when  I  was  there  in  1900.  What  w*as  really  one  of  the 
pioneer  systems  in  the  line  of  sprinkling  was  at  a  place  called 
Accrington.  There  they  had  an  exceedingly  strong  sewage.  I 
never  saw  anything  like  it.  It  was  just  about  a  consistency  that 
w*ould  flow  dowai  the  sewer.  They  said  the  average  consimip- 
tion  of  water  was  about  twelve  gallons  per  day  per  capita,  and 
they  had  open  septic  tanks  there.  The  effluent  from  those  tanks 
was  allow-ed  to  flow  over  a  weir  and  drop  four  or  five  feet,  as 
a  method  of  aeration,  and  then  it  was  taken  up  by  a  pulsometer 
and  forced  up  a  central  standpipe  in  a  bed,  and  from  there  it 
passed  out  through  four  arms  with  openings  in  the  sides,  caus- 
ing them  to  revolve  on  the  principle  of  a  Barker's  mill.  They 
revolved  very  slowly  and  all  these  little  streams  were  spread 
around.  Of  course,  that  served  to  gi^^c  still  further  aeration. 
The  tank  was  built  up  above  the  ground  with  a  brick  wall  which 
was  laid  open,  every  other  brick  being  left  out,  with  the  idea  of 
^tting  circulation.  They  took  that  tremendoush^  strong  sewage 
and  got  a  very  fair  effluent  without  using  any  chemicals  or  any 
other  treatment  than  1  described.  They  seemed  to  think  that 
the  use  of  the  pulsometer  had  something  to  do  w  ith  it,  but  1  do 
not  beHe\'e  that  that  idea  will  ever  be  taken  up  generally. 

Mr.  Burt:  Did  I  understand  you,  Mr.  Cairns,  that  this 
apparatus  is  all  exposed  to  the  w^eather? 

Mr.  Cairns:  Yes,  sir. 

Mr.  Burt:   I  wanted  to  inquire  if  when  the  weather  is  cold 
it  has  any  effect  on  the  working  of  it. 
5 
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Mr.  Cairns:  It  certainly  does  have  an  effect.  After  a  few- 
days  of  severe  cold  weather,  you  will  notice  a  falling  off  in  the 
efficiency,  but  there  has  nothing  been  shown  yet  to  indicate  that 
we  will  not  be  able  to  operate  it  successfully  during  such  a  winter 
as  this.  Last  winter  the  Columbus  experiments  went  on  all 
through  the  winter  and  they  got  a  non-putrescible  effluent  ver>* 
successfully,  I  think,  with  one  or  two  exceptions  all  through 
the  winter. 

Mr.  Ferry:  As  I  understand  it,  you  will  not  have  to  run  it 
in  the  winter  time,  anyway. 

Mr.  Cairns:  At  Waterbury,  under  the  present  conditions, 
we  will  not,  but  we  believe  that  we  could  operate  it  through  the 
winter  without  covering  it  and  get  fairly  good  results,  at  any 
rate  good  enough  for  those  conditions. 

Mr.  Barney  :  I  could  give  a  little  experience  in  that  connec- 
tion with  a  septic  tank  put  in  about  three  years  ago.  It  has 
been  operated  through  two  winters  without  any  hindrance,  and 
practically  about  the  same  effluent  has  been  obtained.  I  found  it 
advantageous  to  put  a  light  roof  over  it.  Before  that  the  weather 
had  an  effect  because  the  scum  would  disappear  more  or  less 
under  rainy,  stormy  days,  but  with  the  light  roof  on  the  scum, 
just  about  all  the  scum  would  lie  laterally  on  the  top,  and  there 
was  no  gas  whatever  discharged. 

Mr.  Cairns:  I  suppose  it  is  somewhat  more  advantageous 
to  have  them  covered.  If  you  have  septic  tanks  on  a  large  scale 
the  question  of  covering  is  a  pretty  serious  one.  and  I  think  a 
good  many  engineers  would  rather  sacrifice  a  little  efficiency  in 
order  to  save  that  expense. 

Mr.  Burt:  If  heat  generates  objectionable  qualities  in  the 
sewage,  is  there  not  some  process  of  cooling  the  sewage,  or  is 
there  not  some  process  by  which  that  could  be  done  so  as  to 
render  it  less  obnoxious?     I  just  merely  suggest  that. 

Mr.  Cairns  :  I  suppose  that  cooling  it  wouUl  have  the  effect 
you  describe  though  I  do  not  believe  that  is  an  effect  we  want  to 
produce.  Bacterial  action  is  known  to  be  more  vigorous  at  high 
temperatures  than  at  low,  and  the  more  bacterial  action  we  get 
the  more  putrefaction  we  get. 

The  Kimberly  Avenue  Brilm^es  of  Xew  H.wex. 

Mr.  Burt:  In  the  matter  of  the  foundation,  I  would  like  to 
ask  Mr.  Kelly  if  he  has  in  the  course  of  his  ver>-  large  experi- 
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etice  known  or  observed  anything  of  tlie  deteriorating  effect 
upon  the  concrete  about  the  head  of  spili^^s  that  were  driven  above 
the  water  line  ? 

Mr,  Kelly:  1  never  obseried  anything  of  that  kind.  I  do 
not  know  that  my  attention  has  been  specially  directed  to  con- 
crete about  the  head  of  piles.  I  never  saw  anything  to  indicate 
deterioration.  On  this  work  at  the  Kimberly  Avenue  bridge 
I  noticed  that  after  the  concrete  had  been  exposed  to  tlie  water 
for  a  few  months  it  liecame  covered  over  with  a  growth  or  coat- 
ing w^hich  serves  as  a  protection  to  the  concrete. 

A  Member:  What  kind  of  cement  did  you  use? 

Mr.  Kelly  :  For  the  retaining  walls  and  abutments,  Dragon 
cement  was  used  almost  entirely.  For  the  piers,  Alpha  was 
specified.  For  the  columns,  and  for  the  floor  slabs,  a  slow  set- 
ting cement  like  the  Alpha  is  required. 

Mr.  Wiggin:  I  would  like  to  ask  Mr.  Kelly  what  method  he 
used  to  protect  the  rear  ends  of  the  girders  against  corrosion. 
As  near  as  I  can  read  the  small  plan  that  is  with  his  paper,  the 
elevation  of  the  bridge  seat  seems  to  be  about  tiiree  feet  and  a 
half  above  high  water,  so  that  the  rear  ends  of  the  mo\nng 
girders  will  dip  into  the  water  when  the  bridge  is  opened  at  high 
tide. 

Mr.  Kelly:  The  girders  will»  at  high  tide,  go  into  the  water 
a  little,  but  there  did  not  seem  to  be  serious  objection  to  that,  at 
least  compared  with  what  was  necessary  to  keep  them  out  of  the 
water.  The  bridge  was  raised  for  this  construction  about  three 
feet  and  a  half.  We  wxnild  have  had  to  raise  it  another  three 
feet  to  keep  the  counter  weight  end  entirely  out  of  the  water  at 
all  times,  and,  of  course,  to  do  that  the  filling  netressary  across 
the  meadow's  would  be  a  very  serious  matter.  The  counter 
weight  will  have  the  spaces  between  each  weight  filled  with 
grout. 

Mr.  Wiggik:  What  did  you  do  to  protect  the  structural  steel 
work  of  the  overhanging  ends  ? 

Mr.  Kelly:  That  was  simply  painted.  Of  course,  that  will 
neet  attention.  It  is  something  which  does  not  affect  the  stabil- 
ity of  the  bridge. 

Mr.  Wiggin:  We  have  certain  bridges  on  the  New  York 
road  that  are  continually  dipping  into  the  salt  water,  and  they 
probably  do  so  more  frequently  than  the  Kimberly  Avenue  bridge 


6o  TWENTY-SECOND   ANNUAL    MEETING. 

will  have  to.  The  preservation  of  these  bridges  from  the  corro- 
sive effects  of  the  salt  water  has  been  a  troublesome  problem  and 
one  that  is  yet  unsolved.  As  an  example  of  the  destructive 
action  of  the  salt  water,  I  would  say  that  about  ten  years  ago  we 
piu  some  6"X4"X*"s"  angles  into  one  of  these  bridges. 
These  angles  were  frequently  submerged  and  about  a  month  ago 
I  visited  this  bridge.  We  took  out  some  of  these  angles,  and 
found  that  large  portions  of  them  had  entirely  disappeared 
while  the  remainder  was  simply  dust. 

Mr.  Kelly:  I  believe  that  some  one  has  tried  the  tise  of 
water-light  steel  pits  to  protect  the  ends  of  the  moving  girders 
on  one  or  two  Scherzer  bridges.  There  was  something  of  that 
kind  indicated  for  this  bridge  at  first,  but  it  was  abandoned  as 
not  desirable. 

Mr.  Wir.c.iN  :  We  have  in  Briilgeport  a  rolling  lift  bridge 
where  the  ends  of  the  girders  drop  down  to  what  would  be  water 
if  we  did  not  i>rovide  pits  of  some  kind.  Tliese  pits  are  built 
in  a  large  masonry  ]>ier  and  have  given  us  a  good  deal  of  trouble. 
We  have  tried  all  kinds  oi  tricks  to  keep  the  water  out,  and  get 
it  out  after  it  got  in.  These  pits  are  now  waterproofed  on  the 
inside,  so  that  there  is  practically  no  leakage,  but  they  catch  a 
large  amount  of  rain  water  and  have  to  l>e  pumped  out  fre- 
iiuontly.  1  consider  pits  a  nuisance  and  would  avoid  them  if 
jH^ssible. 

Mr.  Kki.i.v  :  It  incurred  to  me  in  connection  with  this  work 
at  Kimberly  Avenue  that  it  might  be  jx^ssihle  to  remedy  that 
trouble  in  another  way.  but  it  did  not  appear  to  be  necessary,  so 
it  was  \\o{  ilnne.  The  use  of  these  steel  pits  would  be  quite  an 
obstruction  in  the  waterways.  There  were  those  objections 
which  you  speak  of.  It  seemevl  to  be  less  *.^\iectionable  to  let  the 
end  down  into  the  water. 

.\1r.  lU'Rr:  1  would  like  to  ask  Mr.  Wiggin  if  these  pits 
would  be  necessary  if  the  ends  of  the  girders  were  kept 
lht>rouj;hly  painlcil? 

.\Ik.  WiiaiiN  :  \\"h\.  souK^thing  is  necessary,  because  you 
couM  not  keep  the  p,iinl  on  there  if  the  bridge  was  frequently 
«»penetl  and  the  uirdeis  wet. 

Mk.    IliRi  :  N'ou  nuMu  the  salt  water  would  take  it  off? 

Mr.  \\  h.i.iN  :  Win.  \es.  We  liave  trie\l  a  great  variety  of 
p.nnls  npitn  the  bvidj^es  1  referreil  to,  and  none  of  them  have 
ininiNlud  an\   piotrvtion  worth  mentioning. 
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A  Member:  Have  you  tried  crude  oil? 

Mr.  Wiggin  :  Yes,  sir,  I  think  we  have.  \Vc  liave  tried  most 
everything.  We  are  tryin^^r  at  Westfxjrt,  on  our  new  lift  bridge, 
sonietliing  wliich  seems  to  give  as  much  promise  as  anything. 
We  haven't  found  anything  yet  that  works  very  well  in  such 
places.  Wliether  this  will  or  not  remains  to  be  seen.  It  prom* 
ises  well  at  present.     It  is  known  as  '*Minwax/' 

Mr,  Barney:  What  is  that  you  are  putting  on? 

^Ir,  Wiggin:  What  is  known  as  "Minwax/' 

A  Member:  Is  that  on  a  bridge  that  is  in  the  water  a  part  of 
the  time? 

Mr.  WiGGix  :  Which  bridge  do  you  refer  to? 

A  Member:  The  one  that  you  first  referred  io. 

Mr.  Wiggin  :  Yes.  it  is  in  the  water  considerable.  We  put 
about  2,ooQ  cars  a  day  over  these  bridges,  and  ever\'  time  a  train 
goes  over  it,  the  bridge  goes  into  the  water.  This  bridge  that  I 
speak  of  is  a  transfer  bridge  for  loading  cars  on  to  the  car  floats, 
while  they  are  floated  from  Harlem  River  to  Jersey  City.  We 
have  four  of  these  bridges  at  Harlem  River  and  more  at  ( )ak 
Point.  While  the  Oak  Point  bridges  are  comparatively  new, 
I  think  liaving  been  put  in  four  or  five  years  ago,  we  are  com- 
mencing to  see  quite  serious  signs  of  corrosion  already,  although 
we  give  them  the  very  best  care  we  fxissibly  can. 

There  is  another  thing  I  should  like  to  ask  some  of  the  menv 
bers  about.  I  notice  on  tlie  parapet  for  the  Headway  Mr.  Kelly 
has  put  in  stone-wearing  surface,  while  for  the  sidewalk  he  has 
left  the  concrete  flush  with  the  walk.  Now  in  quite  a  number 
of  towns  where  we  have  been  eliminating  grade  crossings  by 
constructing  highway  bridges  on  concrete  abutments,  there  has 
been  considerable  discussion  about  the  use  of  concrete  parapets. 
Tliat  is,  whether  a  wide  pafaf>et  of  rich  concrete  will  give  satis- 
factory service  when  finished  off  flush  with  the  surface  of  the 
roadway.  There  seems  to  be  quite  a  difference  of  opinion  scat- 
tered along  the  roac!  as  to  the  durability  of  that  kind  of  a  con- 
crete parai>et,  and  1  would  like  to  inquire  if  Mr.  Kelly  or  any 
other  member  has  had  any  experience  with  parapets  of  that 
kind? 

Mr.  Kelly:  W^e  have  had  no  rlirect  experience  with  concrete 
surfaces  for  street  traffic,  but  we  have  had  experience  with  the 
use  of  stone  parapets.     I  have  put  granite  into  these  bridges  at 
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Kimberly  avenue.  We  have  used  East  Haven  redstone,  which 
is  a  very  hard  stone,  and  about  as  hard  as  you  can  get  in  any 
part  of  this  country  next  to  granite,  and  that  very  soon  shows 
wear  on  the  edges.  It  seems  to  me  that  concrete  would  not  give 
as  good  results.  The  cement  mortar  which  cements  the  mass 
together  is  not  as  hard  as  the  stone  and  if  that  is  pulverized  it 
would  go  to  pieces  more  rapidly.  For  that  reason  we  have  used 
granite  coping  as  the  most  desirable. 

Mr.  Alderson  :  I  put  some  construction  of  that  kind  on  to 
some  bridges  that  has  stayed  there  now  for  a  matter  of  four  or 
five  years,  and  there  is  no  apparent  wear.  Simply  cracks  in  the 
surface,  occasionally. 

Mr.  Wiggin  :  The  point  I  had  in  mind  was  whether  it  was 
because  of  any  abrasion  on  the  top  of  the  parapet. 

]\Ir.  Alderson  :  One  of  these  bridges  that  I  referred  to  is 
quite  narrow.  In  fact,  that  is  one  of  the  faults  of  the  design. 
I  cannot  find  any  great  wear  of  it,  or  any  destruction  to 
speak  of. 

Mr.  Kelly:  What  is  the  traffic  over  it?  Is  it  like  the  city 
traffic? 

]Mr.  Alderson  :  No,  it  is  simply  suburban  traffic.  There  is 
no  heavy  traffic.     Not  what  you  would  call  heavy  traffic. 

Mr.  Wiggin  :  In  some  cases  wc  have  set  the  parapet  low,  and 
laid  the  planking  over  the  top  of  it  instead  of  putting  on  stone. 
There  seems  to  be  some  little  feeling  among  some  of  the  people 
on  the  road  about  putting  dressed  stone  into  concrete  abutments. 
They  say,  "If  you  are  going  to  use  concrete,  why  not  make  it 
all  concrete?  '' 

A  Spiral  Curve  for  vStreet  Railways. 

Mr.  Ryder:  I  would  like  to  ask  ^Tr.  Turner  to  explain  a 
little  more  at  length  what  his  method  is  with  long  radius  curves 
where  it  is  desirable  to  have  a  long  spiral.  Suppose  it  is  desir- 
able to  put  in  spirals  of  more  than  200  feet  in  length.  What 
would  be  the  best  way  to  do  it  ?  Would  you  increase  the  length 
of  chords  to  fifty  feet  or  more?  Or  would  you  use  more  than 
four  chords? 

Mr.  Turner  :  I  do  not  think  that  it  would  be  readily  adaptable 
to  a  spiral  over  two  hundred  feet.  I  think  for  most  street  rail- 
way work  it  would  not.     In  case  I  wished  to  use  a  longer  spiral 
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I  am  inclined  to  think  I  would  develop  the  system  a  little  bit 
further  and  make  it  six  or  eight.  I  would  say  that  since  I  took 
up  the  writing  of  the  paper  I  have  discovered  what  I  think  is  a 
ven^  much  simpler  form.     It  is  not  very   difficult  to  under- 
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id,  and  it  can  be  extended  to  six  or  eight  chords  if  you  wish. 
In  practice  I  think  the  four-chord  was  usually  sufficient, 

Mr,  Ryder  :  I  think  it  might  be  of  interest  to  know  tliat  for 
a  spiral  of  any  number  of  chords,  it  is  quite  easy  to  figure  out 
the  deflection  angles  at  any  point  on  the  curve,  Tlie  deflection 
angle  for  any  point  on  a  spiral  of  any  number  of  chords  bears  a 
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simple  relation  to  the  deflection  angle  for  one  chord  on  the  cir- 
cular part  of  the  ciirv-e.  You  will  notice  in  Mr.  Turner's  paper 
that  simple  ratios  are  given  for  the  deflections  for  ever}'  point  on 
a  four-chord  spiral. 

On  page  63  is  a  table  giving  these  ratios  for  any  spiral  having 
not  over  ten  chords — D=deflection  angle  for  one  chord  on  circu- 
lar part  of  curve :  (/x^deflection  angle  to  any  chord  point  x 
from  the  p.  c.  of  the  curve. 

Mr.  Turner:  I  think  i\Ir.  Ryder  has  hit  on  a  general  theory. 
It  is  my  desire  to  make  the  number  of  chords  as  small  as  possible 
consistent  with  a  good  curve,  or  to  get  good  work.  It  seems  to 
me  that  that  fornuila  would  be  very  useful. 

Asii  Creek  Bridge. 

The  President:  Gentlemen.  Mr.  Minor's  paper  is  now  open 
for  discussion.     Are  there  any  questions  to  ask? 

Mr.  Burt:  I  would  like  to  ask  Mr.  Minor,  or  anyone  who 
has  had  experience,  whether  in  that  experience  they  have  known 
of  cases  where  piles  have  been  decomposed  or  rotted  by  the 
action  of  the  concrete  over  and  about  the  sides  of  them  ?  I  have 
heard  of  some  such  cases  where  the  piles  were  practically 
destroyed  by  the  action  of  the  water  in  destroying  the  concrete. 

The  President:  In  reply  to  ]\rr.  Burt's  question,  so  far  as  I 
am  concerned,  I  do  not  know  of  any  case  where  the  concrete  has 
deteriorated  the  wood,  biu  I  have  seen  where  the  wood  has  rotted 
because  it  was  exposed  to  the  air  where  the  concrete  was  not  car- 
ried deep  enough,  or  where  the  piles  were  not  cut  off  low  enough 
so  as  to  keep  them  constantly  wet.  I  have  known  of  instances 
where  the  piles  were  cut  off  alcove  high  water  or  a  little  above 
high  water,  and  the  concrete  was  carried  down  over  the  piles 
perhaps  a  foot,  and  the  heads  of  those  piles  rotted,  but  I  think 
the  reason  was  found  in  the  fact  that  the  air  had  access  to  tliose 
piles.  I  do  not  know  of  any  reason  why  concrete  should  have 
that  effect  upon  the  wood. 

Mr.  Jackson  :  I  would  like  to  ask  ]\Ir.  Minor  if  he  thinks  it 
would  be  feasible  to  accom])lish  the  same  result  of  the  arch  by 
tying  the  abutments  together  instead  of  flattening  them  out  ? 

Mr.  Minor:    The  weight  on  top  was  not  very  heavy. 

Mr.  Jackson  :  But  do  you  think  it  would  be  feasible  to  tie 
them  together? 
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Mr.  Minor:  I  should  hardly  advise  that.  Tt  would  be  feasi- 
[  ble,  but  it  would  cost  more  because  that  work  would  he  under 
water. 

Mr.  Weaver  :  I  notice  in  I^Ir.  Minor*s  paper  that  he  speaks 
about  the  advantage  of  putting  in  riprap.  1  have  just  a  point 
in  regard  to  that  to  bring  out  which  niay  be  interesting.  Up  at 
the  new  Connecticut  River  bridge  that  they  are  building  at  Say- 
brook  they  have  tried  a  new^  feature.  Wlien  the  place  was 
dredged  for  the  piles  to  he  driven  rifirap  was  thrown  into  the 
hole  before  the  piling  was  driven,  and  the  piles  were  driven 
down  into  this  riprap.  You  would  never  think  that  it  would  fill 
in  to  them,  but  it  seemed  to  work  out  very  nicely.  Of  course, 
the  riprap  naturally  went  down  into  the  mud  with  the  piles,  and 
the  result  was  to  make  a  much  more  solid  foundation  than  it 
%voukl  to  throw  the  riprap  in  after  the  piles  were  driven.  It 
had  a  very  g(jod  etfect. 

Thb  President:  I  understand  that  the  riprap  was  deposited 
before  the  piles  were  driven  and  the  piles  driven  through  it. 

Mr.  Wkaver:  Yes.  the  holes  were  filled  with  riprap  and  the 
piles  driven  down  into  them.  It  gave  a  very  much  better 
fotinfiation  because  the  nuid  is  quite  deep  there  and  soft, 

Mr.  Rvuer:  I  would  like  to  ask  if  in  that  case  they  got  good 
support  at  the  bottom?     If  there  was  a  hard  bottom? 

Mr.  Weaver:  Xo,  T  understand  not..  I  was  not  engageiJ  on 
the  job  and  f  only  saw  the  work.  It  is  quite  deep  there,  and,  as 
I  understand,  with  a  soft  mud  bottom  to  a  considerable  depth. 
I  do  not  think  that  they  struck  any  hard  bottom. 

The  F*res]1>ext:  It  seems  to  me  if  the  stone  were  very  large 
that  it  might  interfere  with  the  driving  of  the  piles. 

A  Member:  They  were  very  small  stone,  as  I  understand. 
T  do  not  understand  that  would  amount  to  anything  where  you 
had  a  good  hard  bottom, 

Mr.  Wkaver  :  In  this  case,  where  they  found  very  niucli  soft 
mud,  it  was  feasible  and  had  a  gtjod  etTect. 

Mr*  Kelly:  When  the  piles  began  to  go  through  the  stone, 
or  through  this  riprap,  the  resistance  on  them  would  be  consider- 
able I  could  see, 

Mr*  Weaver:  I  was  not  on  the  ground,  but  I  think  there  are 
sonie  gientlemen  here  who  have  been.  I  do  not  know  whether 
Mr.  Terry  knows  about  it  or  not,  Mr,  Terry,  do  you  know  how 
deep  that  riprap  was  ? 
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Mr.  Terry  :  I  should  say  ten  or  twelve  feet.  I  do  not  know 
exactly. 

Rebuilding  the  Huusatonic  Rix-er  Bridge  at  Sandy  Hook. 

The  President:  I  think  Mr.  Terr>-  must  have  performed 
some  acrobatic  feats  in  order  to  get  there  and  complete  this 
work  within  such  a  ver>-  small  time :  to  decide  upon  the  design, 
etc.  It  seems  to  me  the  designing  was  almost  instantaneous,  or 
done  the  same  day. 

Mr.  Wiggin:  It  was  not  a  question  of  aesthetic  design  but 
simply  a  question  of  getting  the  construction  work  started  along 
logical  lines  at  the  earliest  possible  moment.  The  design  was 
readily  determined  upon ;  the  principal  points  to  consider  being 
sufficient  strength  to  carry  the  traffic :  suitable  openings  for  ice, 
etc..  during  the  spring  freshets:  and  a  trestle  that  could  be 
utilized  to  advantage  as  falsework  for  the  erection  of  a  perma- 
nent steel  bridge. 

The  President:  Any  further  discussion  of  Mr.  Terry's 
paper? 

I  would  like  to  ask  Mr.  Terry  whether  they  had  any  ice  in  the 
river  to  contend  with  ? 

Mr.  Terry  :  \'ery  fortunately,  while  we  had  about  three  days 
of  cold  weather  at  that  time,  there  was  no  ice  to  amotmt  to  any- 
thing, and  it  did  not  interfere  with  the  construction  of  the  bridge 
proj>er.  After  the  bridge  itself  was  completed  we  spent  some 
time  in  building  ice-breakers,  which  I  did  not  include  in  my 
description.  We  had  to  do  the  best  we  could  under  the  circum- 
stances. It  is  all  complete  now.  however.  We  are  ready  for 
the  ice  if  it  comes.     It  d^-vs  not  look  as  if  it  was  coming. 

The  President  :  Any  further  discussion  of  this  ver>*  interest- 
ing oi>eration  ? 

A  Memp.kr:  I  would  like  to  ask  Mr.  Terr>-  if  this  bridge  was 
destroyed  before?     I  think  I  have  heard  that  it  was. 

Mr.  Tkrry  :  Yes.  it  was  destroyed  about  three  years  ago: 
in  1903  or  4,  I  think.     This  was  the  second  destruction. 

The  PKESu>ENr:  I  would  like  to  ask  a  question  as  to  the 
situation  in  the  river.  lX>es  the  river  rise  there  to  an  extra- 
ordinary height  on  account  oi  the  location?  As  I  recollect,  the 
river  is  in  a  sort  of  a  gorge  there.  IXx^s  the  water  rise  ver>^ 
high  at  times,  twenty,  thirty  or  forty  feet,  or  something  like  that? 

Mr.  Terry  :  Oh  no,  nothing  like  that. 
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Reinforced  Concrete  Tanks. 

Mr.  Ferry  :  Perhaps  I  ought  to  say  that  the  cause  of  the  leak 
did  not  arise  from  any  lack  of  inspection.  We  knew  that  no 
matter  how  good  inspectors  we  might  have  on  the  work^  or  how 
careful  they  might  be  in  overseeing  it,  if  the  contractor  did  not 
look  after  it  carefull}-  and  supply  plenty  of  good  material  and  see 
that  the  work  was  done  properly  himself,  the  tank  would  not 
be  a  success ;  and  so  we  placed  the  responsibility  of  the  inspec- 
tion of  the  structure  on  the  contractor,  by  specifying  that  the 
work  would  not  be  accepted  until  tested. 

Mr.  Burt:  I  would  like  to  inquire  of  jMr,  Ferry  what  the 
maximum  pressure  was  that  the  tank  w^as  subjected  to  at  the 
point  where  it  began  to  leak  at  the  bottom  ? 

Mr.  Ferry  :  Well,  it  did  not  begin  to  leak  at  the  bottom. 
That  is  the  strange  part  of  it.  The  first  part  of  the  tank*  the 
low^er  fifteen  feet,  did  not  leak  at  all  That  part  of  the  tank  was 
buih  in  November  when  it  was  fairly  warm  weather,  when  the 
temperature  was  probably  somewhere  from  35  to  40  degrees,  but 
w^hen  w*e  got  halfway  up  with  it,  we  had  used  up  one  set  of 
forms  so  that  we  had  to  take  the  bottom  set  and  move  them 
ahead.  That  took  three  or  four  days,  and  during  the  interval 
the  temperature  dropped  so  that  when  we  finished  the  upper 
half  of  the  tank  the  temperature  averaged  anywhere  from  ten  to 
thirty  degrees  above  with  freezing  weather  practically  all  the 
time.  On  the  first  fifteen  feet  of  the  tank  none  of  the  joints 
leaked.  There  was  practically  no  seepage  through  any  of  that 
part  of  the  tank  whatever,  but  on  the  upper  fifteen  feet  we  had 
all  the  trouble,  and  most  of  the  trouble  was  on  the  first  joint 
made  after  the  cold  weather  came  on.  There  w^as  only  one 
•  theory  on  which  we  could  account  for  that  leak,  and  that  theory 
is  so  full  of  holes  that  I  do  not  have  very  much  faith  in  it.  The 
joint  was  perfectly  tight  for  two-thirds  of  the  way  around  the 
tank,  and  the  leak  w^as  continuous  for  the  other  third  of  the 
way.  The  only  way  I  could  account  for  it  was  that  in  wash- 
ing off  the  loose  mortar  from  the  joint,  and  concrete  being  of 
course  ver>^  cold,  as  we  had  had  cold  w^eather  for  three  or  four 
days,  I  think  possibly  a  thin  film  of  ice  formed  on  top  of  the  con- 
crete. In  putting  on  the  layer  of  mortar,  when  it  first  came  from 
the  mixer  it  was  put  on  warm  on  that  part  near  W' here  the  mortar 
was  dumped  on  the  platform,  and  that  was  sufficient  to  thaw  out 
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the  ice ;  but  on  the  opix>site  side,  when  that  was  put  on,  the 
mortar  had  got  cooled  off  and  was  not  sufficiently  warm  to  thaw 
the  ice,  so  that  there  might  have  been  a  very  thin  film  remain- 
ing where  the  leaky  joint  appeared.  That  theory  is  not  very 
satisfactory,  but  it  is  the  most  satisfactory  one  I  can  think  of. 

Mr.  Burt:  Was  there  any  apparent  difference  in  the  con- 
crete that  you  placed  during  the  exceedingly  cold  weather,  and 
the  other  after  spring  ojx^ned  up  and  before  the  test  was  made  ? 
Could  you  detect  any  substantial  difference  in  it?  Did  it  seem 
to  be  about  the  same  as  to  hardening  and  fimmess  ? 

Mr.  Ferry:  The  concrete  was  all  good  except  the  top  sur- 
face of  the  roof.  The  day  that  the  vooi  was  put  on  the  tem- 
perature was  probably  down  to  ten  degrees,  or  thereabouts,  above 
zero,  and  the  wind  was  blowing  a  small  gale.  We  warmed  the 
sand,  and  the  sand  was  so  hot  that  you  could  not  hold  it  in  your 
hand,  so  that  when  the  mortar  came  up  it  was  warm,  but  in  ten 
minutes  it  was  crusted  over  on  top.  As  fast  as  we  spread  it 
we  covered  it  with  salt  hay  and  then  covered  it  with  boards, 
and  did  all  we  could  to  protect  it.  The  next  spring  when  we 
took  off  the  covering  there  was  a  thin  shell  about  half  an  inch 
thick,  over  a  portion  of  it  that  was  shelly,  and  that  we  took  off. 
Barring  that,  all  the  concrete  appeared  to  be  gotxl. 

I  think  if  we  could  have  built  the  tank  as  a  monolith,  and  had 
the  j)rcx:ess  go  on  continuously,  1  do  not  think  we  would  have 
had  any  trouble  from  leaking  at  all,  because  in  each  section, 
although  there  were  some  leaks  where  the  bolts  were,  those 
stopped  themselves  after  a  short  time.  It  is  shown  that  the 
concrete  was  i)retty  dense  from  the  fact  that  where  some  wet 
s{)ots  appeared,  they  did  not  ai)pear  on  the  surface  of  the  con- 
crete for  a  month  or  more  after  the  tank  was  filled.  It  took  a 
month  for  the  water  to  get  through.  It  did  not  go  through  to 
run  away.  You  could  not  see  the  water  coming  through,  but 
you  could  see  the  wet  spot.  Take  it  on  a  day  when  the  air  was 
dry,  the  tank  would  not  ai)pear  to  be  leaking  at  all,  but  take  it 
when  the  air  was  in  a  nearly  saturated  condition,  there  would 
be  little  evaj)oration  and  the  spots  would  extend  nearly  to  the 
bottom  of  the  tank  on  that  fifteen- foot  stretch.  The  amount  of 
leakage  usually  did  not  amount  to  very  much.  The  total 
amount  of  leakage,  after  the  concrete  got  well  saturated, 
amounted  to  only  about  one-sixteenth  of  an  inch  in  depth  a 
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day,  aiid  that  included  the  evaporation  from  the  surface  and 
whatever  came  through  the  side.  Of  course,  there  was  quite 
a  largce  surface  for  water  to  come  through  there  as  the  tank  was 
thirty  feet  high  and  fifty  feet  in  diameter.  That  offered  a 
good  deal  of  surface  for  water  to  evaporate  from. 

I  question  whether  concrete  can  be  made  ahsohitely  tight  in 
that  fonii  of  construction.  Probahlv  there  is  seepage  through 
the  concrete  the  best  you  can  make  it.  and  that  there  would  be 
evaporaticm  from  the  surface  of  the  tank,  I  think  on  the  best 
tank  you  could  buikl^  if  it  was  filled  with  water,  the  water  would 
probably  leak  out  in  the  course  of  time. 

A  Member:  Could  not  some  of  that  difficulty  have  been  over- 
come by  using  different  fonus?  I  should  diink  the  only  addi- 
tional cost  woidd  be  the  cost  of  making  the  other  forms  for  the 
outside  of  the  tank, 

^Ir.  Ferry:  I  think  if  we  had  had  a  little  different  system  in 
making  the  forms  that  the  forms  might  have  been  used  over 
two  or  three  times,  l>ut  these  were  made  in  sections  alx)ut 
twenty-five  feet  long  and  five  feet  high,  and  then  they  were 
shifted  up  bodily. 

Mr.  WiGGix  :  I  would  like  to  ask  Mr.  Ferry  this:  I  think  he 
said  in  the  paper  that  the  contract  stipulated  that  the  concrete 
should  not  be  poorer  than  1-2-4.  I  would  like  to  ask  if  it  was 
made  poorer  or  richer  than  that? 

Mr,  Ferry:  It  was  actually  made  1-2-4.  ^^^^  ^^'<^  did  not  wish 
to  specify  that  as  just  the  exact  mixture.  It  was  thought  better 
to  leave  it  so  that  if  the  contractor  ilid  not  think  that  mixture 
would  make  it  tight  he  was  at  liberty  to  make  it  just  as  rich  as 
he  had  a  mind  to. 

If  ever  work  was  honestly  done»  that  piece  of  work  was. 
The  contractor  was  there  nearly  all  the  time,  and  he  had  men 
\^'ho  had  been  employed  for  a  year  and  a  half  on  the  filtration 
plant,  so  that  they  were  skilled  men,  and  they  knew  what  was 
wanted,  and  they  took  every  precaution.  I  think  if  they  had  not 
had  cold  weather,  or  if  they  had  built  it  monolithic  in  form,  we 
would  have  had  no  trouble  at  all. 

Mr.  Ryder:  T  would  like  to  ask  a  question  about  the  method 
of  splicing  the  rods,  and  as  to  the  relative  merits  of  the  two 
methods.  Whether  or  not,  where  tunibuckles  wexe  used,  the 
ends  of  the  rods  were  upset  ? 
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Mr.  Ferry  :  C>i:r  specifications  called  for  the  ends  of  rods  to 
be  upset  so  that  the  area  at  the  root  of  the  thread  should  be  a 
iinle  more  than  the  area  of  the  rod  as  a  whole,  but  the  contrac- 
:c^r. — and  that  was  the  on!y  place  where  he  skinned  on  us 
a:  al!,  and  it  was  no:  his  fatilt  either. — sent  the  rods  to  a 
n:achine  shop  :o  have  theni  upset  and  threaded.  But  the  machin- 
ist did  not  i:fH*t  them  bat  fontre«i  therr.  rc*und  and  then  cut  the 
threads  so  that  the  rods  of  that  tari  were  not  as  specified.  We 
P'j:  in  an  additional  rod  a:  ever^-  ;.xnt.  That  is,  we  had  the 
:::rr.buck!e.  and  then  a:  ever>-  ;'Xn:  v.e  put  in  an  additional  rod 
r.ve  v^r  six  fet:  In^:  rver  the  ;>:r.:  >-:  a>  to  have  as  much  metal 
as  we  woi:'d  have  ha.:  ::  the  r  •:  had  been  upset.  And  then  in 
add:::v>n  :.^  that  w  t  :'>.^  care  :ha:  n>  tw:- ;  rinis  should  come  near 
tv^'^ther  in  av;;acen:  rvx:s.     We  br:ke  al'.  the  joints. 

In  the  v^chor  tank  where  we  v.i  n:-:  rpse:  the  ends  of  the  rods 
wt'  re.icv.  on  lapp-n^:  the  ends  .^f  the  r:-is  at  the  joints,  and  both 
of  then:  st.xv.  the  test,  <o  I  do  n-:t  kn>w  which  is  the  stronger. 
!  prestnne  o::o  :s  ;\K  nt  as  i:»i  as  the  :ther.  The  lapping  of 
the  ends  of  the  r.v,s  was  a  nvj^h  n::re  on ventent  way.  We 
tv^n^.d  th,\t  tnnihv.ok'es  were  a  ere:.:  nn:sance  in  trying  to  put 
the  rvv*s  tv>i:x*ther. 

Mk.  Chvn*a':k:    :iow  ^\t:    .  .is  :'*it  .vncrtte  when  you  put 

Mk.  Tvknn  :  I  ov'v^*.  "  ^:  <v. -^  :hr  r^rc^nm^e  of  water  that 
w,is  uscvl,  bn:  i:  was  :hc  s^i- ^v  as  •-  ,i  . e  :  r  the  f/.ter  bels.  When 
tl».o  !*.utt  were  i".  .:  :*u\\  w .  v/  :  s  *<  •':  i>:-u:  ha*:  way  up  to  their 
kv.vvs.  Wauv  wv-v/,d  nv.sh  r<'^t  :.^  :he  surface  ani  the  concrete 
rwjuiiwl  i\o  M**vv!:^,  ov..\   svvi.  :*c  i-.-r^  the  s:ie:s. 

Mk.  \.'\iK\>  M\  o\ivre'.*v"x  *::  rxviar;.  t:  n^akin^:  tight  joints 
where  it  was  i\>t  ^xv<s*,lve  to  vV"s:r;:c:  ::  n:c-co-i:h:caI!y.  would 
u>:i\v  with  Mr.  I Vrrv's.  I  :h.:*k.  b.'.vevtr.  that  there  are  some 
olMvViivMiN  iv^  it.  I  vio  !*v^t  tavor  •.:  jls  jin  lieal  n::ethi>i.  but  one 
plan  ilut  I  ihmn',u\!  v\r:a:v'\  :"a.e  jl  ::^ht  ;xnt.  We  were 
v\Mixtiuoun<  a  nvm!!  hoi^^o  .^"  :S'  -^rsjer^vtr.  which  was  to  be 
sul\»vvu\l  u*  aUn^.i  rttiwi*.  'vv:  .  f  head  ;.x^sc?ure  water  from  the 
xuiUule.  a^vl  \\  wax  Uy\vvvtv\  :.^  *"^a\e  t*"e  scrucnre  water-tight. 
Kvau>v  I  lute  aio  H'.ivx  :!m:  :>e  chji—Vr  a  .^cld  have  to  be 
vmjviiv\l  xo  I  ha  I  a  t»Mi».  svo.'.i  c^^  vlow"  :*::o  :t  t?  wvxfc.  and  we 
Knu\vl  ihal  wv*  ttavl  u*  have  two  hv^.^orrxl  ;.^ts.  and  it  took 
it»Kv  vla.\x  u^  sxMixiuwi  ilK'tv      I  vA^k  sT^re^  >!.:.  scrips  of  sheet 
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lead  about  ten  inches  wide,  and  as  long  as  I  could  get,  and  T 
stiffened  them  by  tacking  them  on  to  narrow  strips  of  wood,  put- 
tings on  the  edges  occasionally  vertical,  and  then  when  we  were 
ready  to  deposit  the  last  hatch  of  concrete  we  set  those  on  edge 
and  ran  the  inside  of  the  form  about  six  inches  from  wliat  would 
be  the  outside  of  the  structure,  and  where  the'ends  came  together 
we  lapped  them  by  each  other  about  a  fi:M:>t,  so  there  was  r(X>m 
between  them  for  the  concrete,  and  we  left  about  half  of  that; 
and  then  the  next  day  we  cleaned  the  surface  thoroughly,  got  all 
the  dirt  off  the  surface  of  this  material  and  put  on  about  half 
an  inch  of  mortar  over  the  surface,  and  then  proceeded  to  deposit 
the  concrete.  Under  that  head  there  was  no  leakage  to  the 
joints.  Of  course,  that  method  is  a  little  troublesome,  and  a 
little  expensive  too,  but  I  think  if  it  is  worth  while  to  go  to  that 
much  trouble  to  get  an  absolutely  tight  joint  it  can  be  gotten 
in  that  w^ay. 

The  President:  Can  Mr*  Cairns  give  us  any  idea  about  what 
the  actual  cost  was  per  cubic  foot? 

Mr.  Cairns:  I  could  not  answer  that  question,  Mn  President, 
I  have  not  the  figures  in  mind. 

Mr.  Ferry:  The  fact  that  comparatively  few  of  the  seven  or 
eight  hundred  feet  of  joints  in  this  tank  leaked  was  pretty  good 
evidence  that  that  construction  can  be  made  tight. 

The  PREsmENT:  I  think  there  is  no  doubt,  as  I\Ir.  Ferry 
states^  that  the  trouble  on  account  of  the  joints  was  due  to  cold 
weather.  If  it  had  been  finished  up  before  the  cold  weather 
came  on,  I  have  no  doubt  it  would  have  l>een  tight. 

A  Member:  If  I  remember  correctly,  a  method  similar  to 
that  was  used  in  the  reservoir  air  chamber  at  that  plant  in  Nor- 
wich, where  the  first  plan  was  to  have  this  chamber  in  solid  rock» 
It  w^as  built  but  it  was  found  to  leak,  and  then  they  put  in,  I 
think,  a  concrete  lining. 
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BRADLEY  H.  HULL. 


Ill  /lictiiortani. 


During  the  past  year  our  Society  has  been  called  upon  to 
nourn  the  death  of  an  honored  member*  its  first  president,  Mr. 
.  H.  Hull 

Mr,  Hull  was  bom  in  Ride^efield,  Comi.^  June  25,  1825,  and 
lied   at   Bridgeport,  Conn.,   August    20.    1905.   where  he  had 
^ived  for  forty-five  (45)  years. 

Mr.  Hull  was  a  self-made  man  and  the  prominence  which  he 
icd  as  an  engineer  was  largely  due  to  his  careful  observa- 
ion  and  practical   experience.     His  opportunities  for  gaining 
technical  education  w^ere  cut  short  by  the  death  of  his  father 
whih*  he  was  still  young.     Having  a  natural  talent  for  engineer- 
ing   and   mechanical    pursuits   he   early   learned   the    trade   of 
aiUwrighting,  which  he  followed  fur  a  number  of  years.     His 
irst  experience  in  engineering  was  gaineil  in  the  employ  of 
letiry  Smith,  County  Surveyor  of  Fairfield  County,  and  wliile 
ith  Mr.  Smith  he  was  engaged  in  the  survey  and  location  of 
khc  Danbury  and  Xorwalk  Railroad,  and  had  charge  of  a  sec- 
Ikm   of   this   road   during   its   construction.     A   little   later   he 
Jtunied  again  to  mechanical  engineering,  devoting  his  attention 
the  erection  and  equipment  of  various  water-power  plants 
iroughout  New   England,  New   York  and  Pennsyh^ania,     It 
i^as  during  this  period  of  his  life  that  he  built  an  elaborate  test- 
ing flume  for  testing  turbine  water  wheels  at  Windsor  Locks 
this  State.     After  the  completion  of  this  w^ork  he  opened 
office  in  Bridgeport  and  devoted  his  attention  to  engineer- 
ing w^ork,  more  particularly  as  a  specialist  in  hydraulics.     For 
Ijiome  years  he  was  consulting  engineer  for  the  New  Haven 
iQnd  Bridgeport  Water  Companies,  and  he  served  as  engineer- 
in-chief  or  as  a  constructing  engineer  for  many  of  the  important 
water    works    in    the    States    of    Connecticut,    Massachusetts 
and    New    York,    including    the    A.    T,    Stew^art    Company 
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near  Matioawan.  X.  Y..  the  Prunell  Mills  at  Oswego,  X.  Y., 
the  dam  for  the  Glenville  Mills  at  Portchester.  X.  Y.,  the  dam 
lor  the  Onoida  Company  at  Wallingford,  Conn.,  and  many 
oilicrs.  Alxnit  this  time  he  sened  for  many  years  as  a  mem- 
IxT  of  the  Board  of  Engineers  for  inspection  of  dams  and 
reservoirs  for  this  State.  He  did  not  seek  for  political  honors 
hut  was  twice  elected  a  member  of  the  Common  Council  of 
the  C  iiy  of  Rridgop^^n.  He  was  of  a  ver>-  genial  and  whole- 
souled  dis|x^sition,  ttx^  generous  and  unselfish  for  his  own 
financial  inioresis,  of  a  strong  emotional  nature,  rich  in  htmian 
tooling,  a  finn  and  constant  friend,  of  an  upright  and  Oiristian 
oharaotor:  a  man  of  integrity,  with  few  enemies  and  many 
frionds:   a  man  whoso  word  was  as  gixxi  as  his  bond. 

It  was  lar^oly  duo  to  p.is  eniViUsias!::  and  perseverance  that 
tho  i.\>nnivticut  SiXMOty  oi  Civ:]  Engineers  was  organized,  and 
ho  was  its  first  prosiuoTU.  To  al'  c-:  ::s  c-lder  members  he  was 
Ix'Tsonallx  kntwvn  and  h.ighly  esteezvjed.  zrA  als-j  to  many  of  the 
Nonnj^or;  and  ahhough  Juring  :he  iaier  years  of  his  life  the 
infivniuios  of  ago  provoniod  his  a::vr;ds.nce  a:  our  meetings,  his 
lioavt  and  thoui^hts  wore  .*/.\x,^\s  w  ::>.  ::>  sr^-:  his  interest  in  the 
woluro  ,\r.il  ]M*o>]>oyi:\  if  :hc  >v:e:y  was  retained  until  the 
last 
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The   convention  was   called   to   order  at   North    Sheffield  Hall,    New 
Haven,  at  11.30  a.  m..  President  Albert  B.  Hill  in  the  chair 
The  President:  Gentlemen,  will  yon  please  come  to  order?    It  is  time 
commence  our  meeting.    The  first  bnsiness  is  to  take  up  the  minutes 
>f  the  last  meeting.    Will  the  Secretary  kindly  read  the  minutes  of  the 
ast  meeting? 
Secretary  Jackson  :    Mr.  President,  the  minutes  of  the  last  meeting 
Phave  been  printed  in  the  annual  report.     It  is  not  necessary  to  read  them, 
if  we  accept  them  as  so  printed. 

The  President:    The  minutes  of  the  last  meeting  are  printed  in  the 
last  refK>rt.    If  there  is  no  objection,  the  chair  will  receive  a  moticm  to 
[.accept  the  minutes  as  printed. 

Mil  Kellogg:    Mr.  President,  I  move  that  they  b«  accepted- 
Motion  seconded. 

The  President  :   It  is  moved  and  seconded  that  the  minutes  of  the  last 
ting  be  accepted  as  printed  in  the  last  annual  report.     All  those  in 
say    "Aye."    Contrary  minds  indicate  by  saying    "No/*     It  is   a 
vote. 

The  time  for  balloting  for  the  election  of  officers  has  expired,  and  the 
President  will  declare  the  ballot  closed.     The  Chair  has  appointed  Mr. 
'L.  W,  Burt,  of  FIartford»  and  Mr.  C.  A.  Ferry,  of  New  Haven,  as  tellers 
to  count  the  ballots.     They  are  now  being  counted,  and  the  tellers  will 
teport  in  a  few  minutes. 
The  next  business  is  the  report  of  the  Board  of  Direction. 
The  following  report  of  the  Board  was  read  by  Secretary  Jackson: 

Report  of  the  Board  of  Directiox* 
A  meeting  of  the  Board  of  Direction  was  held  in  North  Sheffield  Hall, 
I^Jcw  Haven,  on  February  14th,  1905,  at  10  a.  m. 

Resignation  of   Henr>^  R.   Souther  accepted.    Matter  of  library  lists 
rred  to  incoming  Board  of  Direction, 
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Applications  for  membership  received  and  approved  as  follows:  For 
active  membership.  L.  \V.  Robinson.  Qrson  H.  Marchant  and  Edgar  S. 
Dvmcan.  For  ass^xriate.  Frank  H.  Whiton,  H.  S.  Graves-  and  \V.  G. 
Bushnell. 

At  a  meet  in  i:  held  in  President  Hill's  office,  Xew  Haven,  May  lo,  1905, 
at  2,\o  p.  M.»  the  resignation  of  X.  F.  Heft  was  accepted,  the  arrearages 
in  dues  of  several  members  considered,  and  two  members  dropped. 

The  matter  of  librarj*  lists  was  tabled,  and  the  Secretary-  authorized  to 
have  cv^ies  of  tl>e  list  printed. 

Method  of  counting  ballots  tabled.  Method  of  electing  members  post- 
P^Mie\l.  Secreiar>-  requested  to  make  a  report  at  next  meeting  of  the 
cv^st  of  preparirg  an  index.  Invitation  of  Mr.  Allen  for  Societj'  to  visit 
l^rvv^k'vTT  Xavy  Yard  received.  Secretary  requested  to  write  him  thank- 
•!!<  hirr.  tor  the  !TTv::rvtion.  but  that  the  Board  did  not  think  it  advisable 
to  accep;  the  same  a:  this  tin*e. 

A:  a  ir.cetir.g  on  Jv.W  2Sih  in  President  Hill's  office,  matter  of  librarj- 
Vsts  was  tabled  .Xrrearages  of  r:en:bers  referred  to  full  Board.  One 
r.H'ti'.ber  reii^stated.     Secretarx-  auth.^nied  to  have  index  prepared. 

Vv^tevt  to  hv^'vi  a  >i!:r.r!!er  meeting,  the  arrangements  to  be  in  charge  of 
a  tvxui  cv>m:r.i:tee  app-^ir.tcd  by  :he  President,  and  that  they  be  authorized 
tx^  exjvrul  a  <v.:v.  v.  K  excoeviirg  :ifty  do''.ars. 

.\t  a  tve^^tiTig  ite';*  at  She'tor..  Av.gv.-:  J?.  1005.  12.50  p.  m..  the  follow- 
*v.g  !unv>  were  rvVv^mtrr^r.vU'v!  t.-r  :r.en:ber>hip :  D.  Schuyler  Banta. 
lUrtt\>rd.  Cv^vr  :  Ge-.^rgc  I..  Cit*"!:.  Bnigep-.Tt.  Conn.:  Ernest  A. 
K^*ere>.  l.N'.v.e.  Cv^r.u. :  F'N.'rt  E.  I.ivVr.-lge.  SprtTigneld.  Mass.:  Robert 
>',  cio<*o\.  Now  lla\c-\  Cv"  :  ?^.i,:::ri  P.  Fierce.  Jr..  Bridgeport. 
v\^'.v.»  .  v\vT->:e  \\.  S*'..i\\.  :',ir::.^'.:.  C  ^r"  :  rtirr:.  \V.  Storrs,  Meriden. 
Ov^.'iv  ;  v'v.r'\>i  T..  S\v.*.t!\  N;\\  :l.iv.-'.  C::':''  :  Frric  M.  Smith.  Dan- 
N.v, v.  ^\^v.'.-.  :  He'.*.r>  B  S<*.i'f.i".  S:.i"-:"ri.  C:r.r.  :  James  A.  Toner. 
Mvvu«v-v  v.\->-  :    F'-.^""/  I.  Vcr>.-'.  \:w  Hiver.  Conr. 

\:  .1  ".vo^"*;  .'.I- v.;-y   :.  '.,xv.  — .  ?--<ic":  H:".'?  rrice.  a:  2  p.  M..  the 

\t  \\.i<  \.*'vJ.  :^',».:  :*v  -".tr.v'r  f  *  rrir.  '•>:>  Ve  r.ie-rire^y  p.?5tponed- 
l»*  '.v'..i:'.v'.  '.o  the  'v.x-th.v.  {  c.  .*":•*:  Si'.cs  :r.e  B.-ard  voted  to  make 
t*ve  ?oV.y^\\»\^>;  '.eivv:  :o  t'\'  S,v.':>.  '  :  .  :*m:  :''ey  >av-  da>  o^nsidered 
tV.x*  !V.,i:tv'r.  aiHl  '\y.d  :''u:  /••v-s.-r  :'v  >.vr*<::v:- r,  :*Ts;y  have  no  right  or 
Avt'''xM'.',>  10  cV..i\*»;v*  -.^'x  :*rv-x**:  ■•v:*";o  ::  V'^^'^'-t^-  ind  that  they 
I  w  \ '.  ^.x* r   T V \y ^ i  t   t  ^*  a:   :  V.>.->    x*  .^   •  -•  ^ c   x  • .- :  •  ^  J -x- "   ■ :   il  •/:  sj.  ? !  ^    t-.-»   s  iigges t   any 

V.  vv.t-i  t,'.:Vv'v  \-.*uv.  V.^  axxvr,  ?  '^  S"e-"s  nf<:gT:a:ion:  to  read 
'x'-.ix-'.  f\\'S'.».  \i.'.v':  xM'.'.  S,v  x-.>  .*:  v'^'  V;'>c"*oe'-s  rc'.-^r-  irinoal  meeting; 
■■/xtx'x  S*  \^'  "tOxl  Nx'\M' .'.".x-'x.  w:'^  x:  "T  vV'.vr-^i;  -.'■•. i:  t't^  CorLStitution  and 
Vv  ^tv\^  "!v  *.*■.  \W\\  ■'.'  x'.ix''  -f *■•.'.»■  '.'■•.v'^:'j'.'  -'.uts:  ".ra:  the  namber  of 
■  ■ ».  .1  xv  >  V  \- ' :  :  >  :  ^'  V  S  xV  ■  v .  i  •  \  •  j.  :  : ' x-  N.-C - v  ■•.  1  -:.-  -v  -:  ce  M  r.  Frtzgeral d, 
Om=*v'S  -■■"  ^•'-  "^  ^  xV.".v<N  -.\i'  *.  V  JI-- '  .r  — c^crrjc  '>e  a  two-day 
X X-  >  >»  . '  ► .    t'.^ J.  ■  ^'  -i :    '.  V  ■■  X  ■ ,:   ,i :   \  X  -y.    '•'  r  'x- •  • ,  .1  •  • ,:  j  -^i -rjc*; rrwnts  be  left  to 
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The  notntnalious  for  officers  were  canvassed  with  the  following  results : 
For  President — A,  B.  Hill  and  W.  T.  Spencer. 
First  Vice  President — Chas.  F.  Chase. 
Second  Vice  President^Edward  W.  Bush. 
Secretary'  and  Treasurer—J.  Frederick  Jackson. 
Board  of  Direction— John  K,  Punderford  and  George  K.  CrandalL 
At  a  meeting  held  January  ii.  1906,  in   President  Hill's  office*  it  was 
▼olcd  to  nominate  Charles  F.  Chase  and  Ernest  W,  Wiggin  for  the  office 
of  President  to  fill  the  vacancies  caused  by  the  declinations  of  A.  B,  Hill 
,nd  W.  T-  Spencer. 
Voted  to  nominate  D.  S.  Brinsniade  and  Ely  M.  T.  Ryder  for  the  office 
f  First  Vice  President,  to  fill  the  vacancy  caused  by  the  declination  of 
'Charles  F  Grase. 

At  a  meeting  of  the  Board*  February  13,  1906,  in  North  Sheffield  Hall. 
ignation  of  Richmond  E.  Sladc  and  Arthur  A.  Adams  were  accepted 
and  one  member  was  dropped.     Following  applications  for  membership 
were   approved:     Willis   J.    Black,   Judson    M.    Minor,    Henry   L.    Bod*  1 

I  fish.  Edward  B,  Sncll.  Walter  R.  Bro\vn*   Isaac  M.  Story,  Wallace  W. 
Burghart,  Edwy  L.  Taylor.  Howard  E.   Bushnell  William  C.  Watson, 
George  F  Hand,  Guilford  D.  Youngs  Charles  Hatch,  Joseph  H.  Libby. 
The  President:    Gentlemen,  you  have  heard  the  report  of  the  Board 
bi  Direction.     What  is  your  pleasure?    Any  remarks  to  be  made?    Has 
anybotly  any  motion  to  make  in  regard  to  tlie  disposition  of  the  report 
of  the  Board? 
Secretary  Jackson  :    I  move  that  it  be  accepted  and  printed  in  the 
iimunl  proceedings. 
i|  Xtotion  seconded. 

The  President:  It  lias  been  moved  and  seconded  that  the  report  of 
L  the  Board  of  Direction  be  accepted  and  printed  in  the  annual  proceedings* 
^^All  those  in  favor  of  th:it  please  say  "Aye.**  Contrary  minds,  "No."  It 
^^n^  so  voted. 

Next  in  order  is  the  report  of  the  Treasurer,  also  the  report  of  the 
Secretary. 


Report  of  nrc  Treasuher  por  the  year  ending  February  12, 
/*  Frederick  Jackson,  in  account  w^th   Connecticut   Society 

Engineers. 
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Dl5BLTlSEMEXT5. 

By  Canage $     1.25 

Expressage    66.50 

Freight    1 1.42 

Expenses  annual  meeting 265.16 

Postage  u|5 

Printing.  >tationer>-  and  supplies  816.IO 

Rent,  P.  O.  box 4.00 

Engravings    1 12.50 

Services  of  stenographer   30.00 

Stereopticon    9.00 

Salary,  Secretar>-  100.00 

Suninicr  meeting   124.00 

T>-pe\vr:t:rg    7.08 

Te:egTam  to  Mrs.  B.  A.  Hu*.: 1.33 

Preparing  index 20.00 

Ba!ar.ce  Februar>-  12.  1006 528.80 

TvVui;     $2,097.59 

The  Pkf51i»fnt:  I  woii'vi  say  that  the  iccour.ts  :f  the  Treasurer  have 
boe!i  .iiuiitovl  by  a  Co!r.:r.i::oe  :■:  the  B."«ri  ar.d  i:--^r.d  correct. 

RErv^KT   OK    THE   SFvKETARV    F.«R   TKI    VT  vK   ENIIXG    FEBRUARY    12.    I906. 

Tk'    f/j/    c'^^^Vr'^T    ,:fji    Mi'?:r.'-s    :'    :'':<     L^--»:»:«vrsVii;    Socwty    of    Civil 

\c\\T  Sovrcrary  rv>-.vc: */.'.'>  >;:r:v::>  ::->e  :;":w:r.5:  report  for  the  past 
>  c,\r : 

\:\  M.\>.  t:'.:r:cc:*.  hr.v.'.rc.*  vV-,:f>  .  f  :!:c  Twer.t>--f.rs:  Annual  Proceed- 
::•»:>  \\<7C  ',>r:r:cv'.  ,;-.v:  .:'.>:r  >r.:i\:  ::  :';:  ::-.err.Srrs.  t>  those  societies  with 
w  ■•  o- •  *  w  0  c  \ V  * ; A : ^ »: c.  .i : % '.  :  v: :  :Y o  r e r. :  '. : >r,i r.  i  >  .ir.  i  : r. s::t -j: ions  o f  leam ing. 
The  Svvu:>  ".o'v;  or.o  .i.ivv.*.-..  r..^'  :v.t-.:.r*:  :r.  Auc-^ift  2j:d.  at  Xew  Haven. 
wh-.o;*.  \\;i<  :v.::ch  c:*.>>c.;  bv  :;:.>c  rri >cr.:  The  Secretary  has  during 
the  yc,»r  Attondcvi  :ho  ^v.rVrer.:  ::v< :::•.*:>  .--f  the  B-rard  of  Direction;  has 
hAd  pr-.v.tcd  ,ir.d  d>:r-.>.::vd  r.it'.v"c<  .f  :h<  .vlfterer.t  meetings,  bills  for 
d;:i<  ,i:u!  A«i\or:s:*,c.  .v.".  t"***  \-/\^:-  : .  r  r.^-~:T:,^::v^n  and  election  of 
or:iOvr<  l^  -.hi-  \::cr  V./:, :.  >'.r  \V.^*:<r  T.  Sp^rcer  and  Mr.  A.  B.  Hill 
rivc:\cd  :i'o  ;voc<sa:\  v;:r  "iv  .:  \  •:.<  :.r  r.n-:r:a::on  to  the  office  of 
Prosu'cr:  :v^:::  .Uv*":::ic  : '  -:a"v-;  :\  r  <.i'C-,::n.  the  Board  of  Direction 
r**cv?  :l;v  \AvAv.c:os  a^  rx:*:  • -ivl  :-  thir  rfp.r:  lairing  the  year,  nine- 
tix'r.  v.ow  tv.cr.:Vrs  hA\  c  'v\  ■  v\v:i--.'.  >  \:;-k".  :.r:;\t  ar.d  three  associate. 
,\v.v*  ^v*v  a^v,x'-.a:<  vvV,-^x\;  ;.••  v  vW."  ;.>  <:-v-h  <.>re  active  member  has 
K\" •  *  :  •  A r •  N  ;\ : :  ^  ,•  : ,    :  ^    ■  ^    ,  • . .  ■  >  '  > : .  ,v.:  /.  ;." :   :-.  >r. ;  tatx  member  has  died. 
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The  difference  in  the  statement  o(  the  memberslilp  for  Feb.  13,  1^$^  in  the  jist  Annual 
ProceeaitiKs  und  us  it  appemrs  here,  is  due  to  the  practice  of  adding  those  names  to  be 
voted  on  at  the  meeting  at  which  the  report  was  read  before  tbt^y  Actually  were  elected. 
This  has  always  caused  coafusion  and  was  not  a  true  statement  of  the  mcmh 


date  reported/ 


ctnbership  for  the 


The  President:  Gentlemen,  you  have  heard  the  reports  of  the  Treas- 
lii^r  and  Secretary,  Any  remarks  to  be  niade.  or  any  questions  to  ask 
him? 

^IiL  Tracy  :   I  move  that  the  report  be  accepted  as  read. 
Motion  seconded. 

The  President:  It  is  moved  that  the  report  be  accepted  as  read.    Will 
Fjrou  have  it  printed  in  the  annual  rep*Drt? 
A  Member:   Certainly. 

The  President:   It  is  moved  and  seconded  that  the  report  of  the  Sec- 
retary and  Treasurer  be  accepted  as  read  and  that  it  be  printed  in  the 
I  antiual  report.     All  those  in  favor  of  that  iay    "Aye.'*     Contrary  minds 
'*No-"    It  is  so  ordered. 
Are  there  any  special  commiuees  lo  report?     I  belie%'e  there  are  none, 
[The  tiext  business  then  in  order,  according  to  the  by-laws,  is  the  election 
?f  new  members.     Those  members  all  have  their  names  written  on  the 
Dard,  as  you  sec.    The  applications  have  been  canvassed  by  the  Bs^rd  of 
irection^  and  have  been  approved  by  a  majority  of  the  Board.    How  are 
ese  gentlemen  elected,  by  ballot? 

Secretary  Jackson  :    By  ballot  unless  there  is  a  vote  to  do  otherwise* 
The  President:    Will  you  take  a  ballot? 
Mr,  Kellogt;:    I  think  it  should  be  by  ballot  and  tellers. 
The   President:     Is    it   necessary  that    they   should   be   balloted    for 
parately  ? 

Ms.  Kellogg:   Mr.  President*  that  has  always  been  a  bone  of  contcn- 

*"lion  in  the  Society.    I  think  it  should  be  done  by  ballot.     I  think  the  last 

time  that  we  balloted  on  candidates  it  was  done  singly.     I  think  that  is 

Hhc  more  favorable  way  I>ecause  it  gives  a  chance  for  individual  selection. 

Secretary  Jackson  :   It  has  been  the  custom  to  lake  the  names  as  they 

ame   and,  unless  there  was  objection,   for  someone  to  move  that  the 

5ecretar>'  cast  one  ballot  for  them. 

The  President:  Then  we  can  follow  that  plan  now.  The  first  name 
Ek0  the  list  is  Willis  J.  Black. 
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On  motion  duly  seconded  and  passed  the  Secretary  was  authorized  to 
cast  the  ballot  for  the  election  of  Mr.  Black. 

Secretary  Jackson  :  According  to  the  vote  of  the  Society,  I  hereby 
cast  one  ballot  for  Mr.  Black  for  membership  in  this  Society. 

The  President:  Mr.  Black  is  declared  elected  as  a  member.  The  next 
name  is  Henry  L.  Bod  fish,  of  Derby. 

On  motion  duly  seconded  and  passed,  the  Secretarj'  was  authorized  to 
cast  a  ballot  for  the  election  of  Mr.  Bodfish. 

Secretary  Jackson  :  According  to  the  vote  of  the-  Society,  I  cast  a 
ballot  for  Mr.  Bodfish  for  membership  in  this  Society. 

The  President:   If  there  is  no  objection  he  will  be  declared  elected. 

Mr.  Ford:  Mr.  President,  it  seems  to  me  that  this  is  a  waste  of  time 
to  go  through  that  list  in  this  way.  I  make  a  motion  that  the  Secretary 
be  instructed  to  cast  a  ballot  for  all  the  names  on  the  blackboard  that 
should  be  voted  on,  except  those  two  that  we  have  already  balloted  on. 

Motion  seconded. 

Mr.  Kellogg:  Mr  President,  I  will  say  that  the  name  of  Walter  A. 
Brown  on  the  board  ought  to  have  the  middle  name  written  in  in  full,  as 
there  is  one  Walter  A.  Brown  already  a  member  of  the  Society. 

The  President  :   This  is  Walter  A.  Brown. 

Mr.  Kellogg  :  But  there  is  a  Walter  A.  Brown  already  a  member.  It 
seems  to  me  that  we  should  have  that  name  written  out  in  full.  It 
appears  that  way  in  the  application.  I  request  the  Secretary  to  fill  out 
the  name  in  full. 

The  President:  That  is  a  matter  I  have  no  doubt  the  Secretary  will 
attend  to. 

Xow.  gentlemen,  it  is  moved  and  seconded  that  the  Secretary  cast  the 
ballot  for  the  names  on  the  board.  All  those  in  favor  of  that  signify  by 
saying  "Aye."     Contrary'  minds.     It  is  a  vote. 

Secretary  Jackson  :  According  to  the  vote  of  the  Society  I  hereby 
cast  one  ballot  for  the  names  of  Walter  A.  Brown,  Derby;  Wallace  W. 
Burghart,  Canaan;  Howard  E.  Bushnell,  Hartford;  George  F.  Hand, 
West  Haven;  Charles  Hatch,  New  Haven;  Joseph  H.  Libbey.  New- 
Haven ;  Judson  M.  Minor,  New  Haven;  Edward  B.  Snell,  New  Haven; 
Isaac  M.  Story,  New  Haven ;  Edwy  L.  Taylor.  New  Haven ;  William  C. 
Watson.  West  Haven;  Guilford  D.  Young,  West  Haven,  as  members  of 
this  Society. 

The  President:  Gentlonicn.  we  will  declare  those  gentlemen  elected. 
Are  there  any  other  members  to  be  proposed? 

Mr.  Verrill:  S(^tnothing  ^^as  said  at  the  local  meeting  about  the 
eUrtion  of   Mr.   Soolield  to  honorary  membership. 

The  Pkesidkn't:  Now  is  the  time  to  bring  that  up  if  any  one  has  any 
name   thoy   wish  to  pri>pi>>e. 

Mk.  Vkkkiij.:  If  it  is  pn.por  t«>  pn^pose  it  now.  Mr.  President,  I 
would  like  to  pn>p(»so  the  name  of  Mr.  Scotleld  as  an  honorary  member. 
Ik'  i^  very  well  kni>wn.  and  has  heen  very  prominent  in  civil  engineer- 
ing.    I  think  it  is  a  proper  thing  that  he  shrinid  be  an  honorar>''  member. 
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Mr.  Brinsmade:  I  think  thai  it  is  a  very  good  move.  I  am  acquainted 
with  Mn  ScofielJ,  and  have  been  for  a  good  many  years.  He  has  had 
a  very  honorable  career  as  an  eiig:rneef  about  the  state.  It  is  unneces- 
sary  to  say  anything  to  the  old  members  about  him,  because  they  know 
him.  but  there  are  some  of  the  younger  members  of  the  Society  who 
perhaps  should  know  that  for  nearly  fifty  years  he  has  been  active  in 
our  profession.  Soon  after  the  war  he  was  chief  engineer  of  the 
N.  Y.,  K.  H.  &  H.  R.  R,  Co.,  and  has  been  very  well  known  for  many 
years  as  an  engineer  in  Bridgeport,  and  a  member  of  the  Board  of 
Engineers  of  the  state.  1  lake  great  pleasure  in  seconding  the  nomina- 
tion of  Mn  Scoficld.  It  is  a  nice  compliment.  I  think  he  is  a  good 
man  for  the  Society. 

The  President  :  Mr.  Scofickl  has  been  nominated  for  honorarj^  mem- 
bership. The  chair  is  very  liappy  to  hear  that  nomination,  because  he 
is  personally  acquainted  with  Mr.  Scofield  and  knows  he  is  a  man  who 
will  be  a  great  credit  to  the  Society.  The  chair  would  state  that  on 
the  election  of  honorary  members  a  unanimous  %'otc  is  necessary,  Are 
there  any  other  remarks  to  be  made? 

Mil  Spencer:  Mr.  President,  I  would  like  to  ask  if  Mr.  Scofield 
was  ever  a  member  of  the  Society? 

The  President:  I  could  not  state  positively  in  regard  to  that.  I 
have  ne\'cr  noticed  his  name  in  the  catalogue. 

M*.  Spencer:  I  did  not  know  but  the  Secretary  or  the  older  mem- 
bers might  know. 

The  President:  Gentlemen,  it  has  been  moved  ajid  seconded  that  Mr. 
Scohcld  be  elected  to  honorary  membership.  All  those  in  favor  so 
indicate.     He  has  the  it  nan  i  mo  us  vote,  and  is  declared  elected. 

I  believe  the  next  thing  on  the  program  is  the  address  of  the  Presi- 
dent.   That  is  a  matter  that  can  be  quickly  attended  to. 

ANNUAL    ADDRESS    OF    PRESIDENT,  ALBERT   B.    HILL. 

Gentlemen  of  the  Connecticut  Society  of  Civil  Engineers: 

On  this  our  twenty-second  annual  meeting,  we  have  reason  for  con- 
gratulations, that  our  Society  is  continually  growing  stronger  in  numbers, 
in  the  increased  interest  in  its  meetings  and  in  the  importance  and  value 
of  the  engineering  work  done  by  its  members. 

The  science  of  engineering  is  advancing  rapidly  and  the  engineer 
is  becoming  more  and  more  a  very  essentia!  factor  in  our  country's 
progress  and  prosperity, 

I  say  science  of  engineering,  for  that  is  what  it  is  now.  Not  a  great 
many  years  ago,  the  successful  engineer  was  one  who  used  good  judg- 
ment  in  applying  the  forces  of  nature,  but  frequently  without  close 
anab-sis  of  the  exact  nature  of  those  forces.  Now  he  must  use  good 
judgment   in  utilizing  the   forces  of  nature,  by  exact  science  methods. 

The  engineers  of  the  present  time  are  rapidly  developing  varied  and 
more  economical  methods  of  executing  engineering  projects.  The  field 
is  very  broad,  but  I  will  call  your  attention  now  to  only  a  few  instances. 
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The  development  of  reinforced  concrete  construction  affords  the 
engineer  facilities  for  solving  problems  that  without  a  tool  of  such  varied 
adaptability  would  be  far  less  practicable  and  in  some  cases  probably 
commercially  impracticable. 

The  materials  are  not  new.  simply  old  materials,  cement  and  steel, 
but  greatly  improved  in  quality,  cheapened  in  cost  by  improved  methods 
of  manufacture,  and  combined  in  a  skillful,  scientific  manner. 

The  coefficients  of  expansion  of  cement  and  steel  are  so  nearly  alike 
that  these  two  materials  may  be  safely  combined  in  the  same  member. 

In  general,  steel  of  a  high  elastic  limit  is  the  most  economical  to  use, 
but  in  many  cases  mild  steel  is  safer.  To  increase  the  efficiency  of  the 
steel  reinforcement,  bv  mechanical  bond,  various  forms  of  patented  bars 
have  been  devised.     Each  has  its  special  advantages  in  special  cases. 

For  use  in  beams,  steel  about  one  per  cent,  of  the  sectional  area  of 
the  beam   (if  medium  steel  is  used)   gives  fairly  good  proportions. 

Reinforcement  must  generally  be  provided  for  shear;  for  unless 
great  care  is  taken  to  make  the  concrete  a  homogeneous  monolith,  it 
cannot  be  depended  on  to  resist  heavy  shearing  stresses;  still  less  can 
it  be  depended  on  to  resist  tensile  stresses.  In  fact,  the  best  practice  does 
not  permit  any  reliance  to  be  placed  on  concrete  in  tension.  The  rein- 
forcement should  be  designed  to  take  care  of  all  tensile  stresses. 

For  each  member  of  a  structure,  it  is  important  that  the  concrete  be 
deposited  continuously  until  the  forms  are  filled,  so  as  to  make  a  mono- 
lith. 

A  satisfactory  finish  on  the  surface  of  concrete  is  sometimes  a  rather 
troublesome  problem,  particularly  to  the  architects.  A  uniform  color 
is  the  most  troublesome  feature. 

Where  the  surface  is  to  be  exposed  to  the  weather,  plastering  the 
surface  after  the  concrete  has  set  (excepting  tilling  holes)  should  never 
be  permitted. 

It  is  important  that  forms  should  be  water-tight ;  then  there  is 
no  serious  difficulty  in  securing  a  sound  surface,  if  spading  or  other 
well-known  devices  are  properly  attended  to. 

Where  a  hard  dense  surface  is  ret^uired,  wetting  the  surface  with  a 
thin  grout  of  cement  and  sand  and  rubbing  thoroughly  with  a  cement 
brick  gives  gcxxl  results,  care  being  taken  not  to  use  a  ver>'  rich  grout, 
unless  the  surface  can  be  kept  wet  for  a  long  time. 

If  a  rough  surface  is  desired,  axe-hammering  or  other  tooling  gives 
a  tine  appearing  surface,  but  is  more  expensive.  Scrubbing  when  the 
mortar  is  quite  green,  to  remove  the  rich  surface  mortar,  gives  a  rough 
surface  and  tends  to  prevent  air  cracks,  which  appear  in  rich  mortar 
allowed  to  set  in  air. 

The  hair  cracks  or  "crazing."  as  it  is  tcnned.  can  be  avoided  in  even 
rich  mixtures  by  keeping  the  surface  wet  until  crystallization  of  the 
cement  is  completed.  It  has  l)cen  found  that  cement  allowed  to  set  in 
air  contracts  appreciably,  but  if  the  setting  takes  place  under  water  it 
expands  slightly.  Therefore,  with. rich  mixtures,  to  avoid  "crazing," 
the  surface  should  be  kept  wet  for  quite  a  long  time. 
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It  is  often  stated  as  a  reason  for  using  concrete,  that  skilled  labor  is 
not  required.  This  is  true  so  far  as  the  actual  manual  labor  115  con- 
cerned;  and  particularly  so  for  concrete  used  in  fontidations,  or  sub- 
ject only  to  cotnpression.  But  for  the  more  complex  structures  of 
reinforced  concrete*  intelligent,  experienced  supervision  is  very  import- 
ant to  get  the  best  results. 

The  enonnous  quantities  of  Portland  cement  of  hig^li  grade  now  being 
used  in  engineering  work  shows  what  a  valuable  commodity  it  is 
proi'ing  in  facilitating  engineering  constructions. 

The  yearly  output  of  the  Portland  cement  mills  in  this  country  has 
increased  something  like  3,000  per  cent,  within  ten  years.  The  output 
in  this  country  for  1904  was  more  than  26,000.000  barrels;  and  it  is 
estimated  that  the  output  for  1905  was  more  tlian  30.000,000  barrels. 

Another  example  of  wonderfully  rapid  cugineering  progress  is  the 
development  of  electric  railways. 

Many  of  you  can  recall  when  the  only  street  car  was  the  little  short 
horse  car,  teetering  along  on  the  sinuous  strap  rails  laid  on  wooden 
stringers;  the  horse  car  driver  dividing  his  time  between  watching  the 
fare  box,  located  at  the  front  end  of  the  car,  to  which  passengers  were 
expected  to  walk  up  and  deposit  their  fare,  and  urging  tlje  mule  that 
followed  undeviatingly  his  deeply  rutted  path  between  the  rails.  The 
only  artificial  light  was  the  smoky  oil  lamp;  and  the  heat,  if  any,  a 
rusty  wood  or  coal  stove,  frequently  eitiicr  a  cherry  color  or  eutircly 
cold — the  passengers  immediately  adjacent  to  the  cherry  color  roasting, 
while  those  at  the  opposite  end  of  the  car  were  freezing. 

When  electric  railwaj^s  were  first  installed,  less  than  a  score  of  years 
ago,  rails  weighing  48  to  56  powids  per  yard  were  considered  abund- 
antly heavy  for  any  possible  electric  service.  Responding  to  the 
demands  of  an  appreciative  public,  electric  cars  and  equipments  have 
rapidly  increased  in  size,  weight,  and  elegance  of  equipment,  uutil  now 
on  some  interurban  lines  they  rival  in  elegance  and  speed  the  steam 
lities.  Rails  have  increased  in  weight  to  keep  pace  with  the  equipment 
80  lbs.  is  quite  generally  used  now  for  the  tee  section.  Nothing  less 
than  70  lbs.  is  considered  permissible.  In  cities,  as  high  as  125  lbs.  is 
used  and  even  137  lbs.  in  some  instances.  The  rapid  increase  of  weight 
of  rail  sections  for  electrics  will  be  appreciated  when  we  recall  that 
100  lbs,  is  the  heaviest  section  used  on  the  N.  Y..  N,  H,  &  H.  R.  R. 

The  improvement  in  alignment,  grade  and  road  bed  has  been  equally 
rapid.  We  can  all  recall  how  on  the  early  circular  curves  without  tran- 
sition easements  every  tangent  point  could  be  noted  by  the  lurches  the 
car  made  in  passing  into  and  out  of  curves. 

Now  it  is  imperative  that  spiral  transitions  be  used  :  the  car  passing 
smoothly  into  and  out  of  the  spiraled  curves,  so  that  the  beginning 
and  ending  cannot  be  noticed  by  any  movement  of  the  car;  the  super- 
elevation of  the  outer  rail  being  run  out  on  the  spiral. 

The  problems  of  location  of  electric  lines  are  somewhat  ditTcrcnt 
than  with  steam  lines.  On  heavy  freight  steam  lines,  low  grades  are  of 
paramount  importance.     But  for  electric  passenger  service,  good  align- 
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merit  is  more  important  than  grade;  although  grades  steeper  than 
five  per  cent,  are  to  be  avoided  if  possible. 

As  an  evidence  of  the  wonderful  development  of  the  electric  rail- 
way, and  its  appreciation  by  the  public,  we  note  that  more  passengers 
are  now  being  carried  by  the  electric  railways  of  Greater  New  York 
than  by  all  the  steam  railroads  in  the  United  States  combined. 

Notwithstanding  the  strikingly  rapid  progress  already  made  in 
improving  electric  railways,  still  greater  improvements  arc  bound  to 
come,  and  are  even  now  beginning  to  appear  on  the  electric  railway 
horizon. 

It  is  also  safe  to  say  that  the  time  is  not  far  distant  when  the 
improved  electric  locomotive,  now  in  sight,  will  crowd  the  steam  loco- 
motive off  its  own  rails. 

Then  the  pleasure  of  traveling  in  well-ventilated  cars,  free  from 
smoke,  soot  and  cinders,  and  propelled,  lighted  and  heated  by  the  clean, 
invisible  electric  force  will  be  appreciated.  And  the  lines  first  so 
equipped  will  soonest  reap  the  benefits  of  the  public  appreciation. 

The  most  recent  investigations  seem  to  indicate,  that  if  new  lines  w^ere 
to  be  constructed  and  new  equipment  provided,  electric  locomotives  with 
the  systems  of  multiple-unit  and  voltage  control  would  be  more 
economical  in  operation  for  even  the  heaviest  trains  than  steam  loco- 
motives. 

Progress  in  other  departments  of  engineering  work  has  been  evident, 
perhaps  not  so  rapid  as  those  mentioned,  but  a  steady  improvement ;  for 
instance,  bridge  engineering. 

The  railroad  bridge  work  installed  in  this  state  the  past  year  is 
notable  for  its  solid,  substantial  character  and  excellent  design. 

Much  of  the  highway  bridge  work  shows  decided  improvement  in 
architectural  features.  It  costs  but  little  more  to  construct  bridges  of 
designs  that  arc  pleasing  architecturally,  as  well  as  statically  substantial. 

In  water  supply  engineering  much  good  work  has  been  done.  The 
most  noticeable  improvements  towards  providing  ample  supplies  of  pure 
water  have  been  made  by  the  private  corporations:  notably,  the  New 
Haven  Water  Company  in  providing  for  filtering  its  largest  supply  for 
the  city  of  New  Haven;  and  the  Bridgeport  Hydraulic  Company  in 
carefully  cleaning  its  new  reservoir  sites. 

The  importance  to  a  city  of  an  abundant  supply  of  pure  water  is 
beginning  to  be  appreciated. 

In  the  sewerage  branch  of  sanitary  engineering  progress  is  being  made 
in  the  more  economical  disposal  of  wastes;  to  the  end  that  habitations 
shall  Ik?  clean  and  healthful,  but  without  creating  nuisances  in  our 
freshwater  streams.  The  tendency  has  been  towards  developing  methods 
of  disposal,  that  carry  the  treatment  of  sewage  up  to  the  point  only 
of  rendering  it  non-putrcscible. 

Where  a  high  degree  of  purification  of  the  effluent  is  necessan',  no 
method  of  treatment  has  yet  been  devised  that  equals  the  results  of 
intermittent  sand  filtration. 

Where,  however,  suitable  land  for  filters  is  difficult  of  access  or 
otherwise  unavailable,  and  a  high  degree  of  purification  is  not  essential, 
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the  method  of  treatment  by  septic  tanks,  sprinkling  filters,  and  settling 
tanks  seems  to  offer  a  sohmon  of  the  problem  in  special  cases,  for 
obtaining  a  non-pntrescible  effitient* 

I  vnW  nc»t  take  up  your  time  now  with  the  parlicnlars  of  the^e  various 
engineering  matters,  because  we  expect  to  bavc  tomorrow  a  number  of 
interesting  papers  and  discussions  by  our  members,  treating  of  all  these 
ditferent  subjects^  witb  the  details  of  special  cases. 

When  we  reflect  on  the  rapid  progress  that  has  been  made  during 
the  past  fifty  years  in  the  engineering  art,  and  realize  that  in  the  next 
fifty  years  advances  are  likely  to  be  still  greater,  we  cannot  help  feeling 
that  we  were  bom  too  soon.  And  we  may  perhaps  be  pardoned  for 
wishing  that  we  could  live  a  little  while  in  the  next  centur>;,  just  to 
see  the  wonderfully  interesting  work  that  our  brother  engineers  will 
then  be  doing. 


The  President:    Is  there  any  miscellaneous  business  to  be  taken  up? 

Secretabv  Jacksox:  Mr.  President,  there  is  a  communication  from 
the  American  Society  of  Civil  Engineers  which  the  Board  of  Direc- 
tion thought  should  be  read  before  this  meeting  of  the  Society. 

The  PREsniENr:    Will  the  Secretary  kindly  read  it? 

TTie  following  letter  was  read  by  Secretary  Jackson : 

"October    ijtfi,    1905, 
Mr.  /.  Frederick  Jackson^ 

Sfc'y,  Conn.  Society  of  Crinl  Engineers, 
New  Haven,   Conn, 
Dear  Sir:   It  is  the  hope  of  the  Board  of  Direction  of  the  American 
Society  of  Civil  Engineers  that  its  cordial  relations  with  other  associa- 
tions of  engineers  be  maintained,  and,  if  possible,  strengthened. 

I  am  therefore  directed  to  say  that  the  Society  will  always  be  glad 
to  receive  visits  from  your  members;  that  its  reading  room  and  library-- 
are  open  to  them  and  that  their  presence  at  any  of  its  professionnal 
meetings  (which  are  held  at  8:30  p,  m.*  on  the  first  and  third  Wednes- 
days  of  each  month,  with  the  exception  of  July  and  August)  will  be 
most  heartily  welcome. 

Trusting  that  you  will  inform  the  membership  of  your  Society  that 
this  is  the  case,  and  that  we  shall  have  the  pleasure  of  receiving  such  of 
them  as  may  find  it  convenient  when  in  New  York.  I  am. 

Yours   faithfully, 

Charles  Warren  Hunt,  Sec'y" 

The  Presidekt:  Gentlemen,  I  suppose  that  it  would  be  the  proper 
thing  for  the  Society  to  tender  a  vote  of  thanks  to  the  American 
Society  of  Civil  Engineers  for  their  courtesy  in  sending  us  this  invi- 
tation.    Is  there  any  motion  which  you  care  to  make? 

Mr.  Kellogg  :   Mr.  President,  I  move  to  that  effect 

Motion  seconded. 
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The  President:  It  is  moved  and  seconded  that  the  Secretary  be 
requested  to  send  to  the  American  Society  of  Civil  Engineers  our 
thanks  for  this  very  courteous  invitation  and  notice.  All  those  in 
favor  of  that  will  signify  by  saying  **Aye.'*  It  is  not  necessary  to  call 
for  nays.     It  is  a  unanimous  vote. 

Is  there  any  further  business,  gentlemen?  If  there  is  any  miscel- 
laneous business,  now  is  the  proper  time  to  bring  it  up  while  the  tellers 
are  counting  the  votes. 

Mr.  Kellogg:  Mr.  President,  is  the  next  item  after  miscellaneous 
business  the  election  of  officers? 

The  President:  The  election  of  officers  then  comes  in.  The  tellers, 
I  believe,  are  not  quite  ready  to  report  yet.  The  Secretary  is  investi- 
gating and  he  will  probably  report  in  a  moment  when  the  tellers  will 
be  ready. 

Secret.\ry  Jackson  :  They  say  they  will  be  ready  in  about  five  minutes. 

The  President:  The  tellers  will  be  ready  to  report  in  about  five 
minutes.  The  Chair  will  take  this  opportunity  to  announce  that  the  local 
members  will  be  glad  to  entertain  the  Society  at  lunch  at  Heublein's, 
corner  of  Church  and  Court  Streets,  after  this  meeting.  Somebody  will 
be  at  the  door  to  see  that  the  members  get  tickets.  This  afternoon,  as 
I  suppose  you  are  all  aware,  Mr.  Desmond  Fitzgerald  of  Boston  will 
give  us  a  very  interesting  lecture  on  "Street  Scenes  in  Manila  and  Life 
in  the  Philippines."     He  will  speak  at  three  o'clock. 

At.  6:30  tonight  the  annual  dinner  and  banquet  of  the  Society  will  be 
held  at  Heublein's,  the  same  place  where  we  are  going  to  lunch.  I 
hope  as  many  as  possible  will  be  present. 

Mr.  Punderford:  Mr.  President,  will  you  pardon  me.  but  the  lunch 
this  noon  will  be  upstairs  in  one  of  the  private  rooms  and  not  in  the 
cafe. 

The  President:  The  members  will  please  bear  in  mind  that  Mr. 
Punderford.  chairman  of  the  local  committee,  reports  that  the  lunch  will 
be  upstairs  and  not  in  the  cafe  down  below.  It  is  considered  very  desira- 
ble for  the  members  to  be  all  together  if  possible.  Last  year  we  went 
down  below  and  mixed  in  with  the  regular  customers  of  the  place.  That, 
of  course,  interferes  somewhat  with  our  gathering.  This  time  Mr. 
Punderford  has  arranged  to  have  it  upstairs. 

Mr.  Minor  :  Mr.  President,  would  it  not  be  well  to  annoimce  that  the 
cars  on  which  we  are 'to  make  the  excursion  tomorrow  afternoon  will 
pass  the  railroad  station? 

The  President:  Mr.  Minor  suggests  that  the  members  should  bear 
in  mind  that  the  cars  on  which  we  are  to  make  the  trip  to  the  new  filtra- 
tion plant  tomorrow  afternoon,  which  have  been  kindly  furnished 
through  the  courtesy  of  General  Manager  Punderford  and  the  Consoli- 
dated Railway  Company  in  going  to  and  returning  from  the  Kimberly 
Avenue  bridge  will  pass  the  railway  station,  so  that  people  who  wish 
to  take  the  trains  on  their  way  back  can  do  so. 

The  Secretary  reminds  me  that  there  seems  to  be  some  misunder- 
standing about  the  lunch  tickets,  and  he  wishes  me  to  make  it  clear  to 
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the  members  that  everj-  ^^^^  i^  invited  to  litnch  whether  they  stay  to 
the  dinner  this  evening  or  not.  \Vc  wish  to  have  all  the  members  of 
the  Society  at  the  hmch. 

Now,  genilcmcn,  please  give  your  attention  to  the  report  of  the  tellers. 

Mr,  Charles  A.  Ferry  then  read  the  following  report   for  the  tellers: 

Total  number  of  votes  cast.  - . , , 109 

For  Fresideni: 

Giarle^  F.  Chase - 54 

Ernest  W.  Wiggin 5J 

For  first  Vice  President: 

D.   S.    Brinsmade .*.....  65 

Ely  M.  T,  Ryder 42 

For  Second  Vice  President: 

Edward    W.    Bush. .  . , 96 

Scattering    .-.,...,... 8 

For  Secretary: 

J.   Frederick  Jackson 107 

For  Members  of  the  Board  of  Direction: 

John  K.  Punderford.  .. .. 78 

George    K.    Crandall . 71 

Scattering 5 

The  Presioekt:  Gentlemen,  you  have  heard  the  report  of  the  tellers. 
It  seems  to  he  a  very  close  vote.  Mr*  Chase  has  54  and  Mr.  Wiggin 
has  53.  In  our  Society  a  plurality  elects,  but  Mr.  Chase  has  a 
majority  also.     Mr.  Chase  is  declared  elected,     (.\pplause,) 

For  First  Vice  President,  Mr.  D.  S.  Brinsmade  has  65,  and  is  declared 
elected.     (Applause.) 

For  Second  Vice  President  Mr,  Edward  W.  Bnsh.  having  96,  is 
declared  elected.     { Applause.) 

For  Secretary  and  Treasurer,  Mr.  J.  Frederick  Jackson  has  107;  all 
the   votes   cast.     (Applause.) 

For  the  Board  of  Direction  there  are  two  to  be  elected.  Mr.  John  K. 
Punderford  and  Mr.  George  K.  Crandall  are  declared  elected. 

I   congratulate  the   Society  on   having   elected   Mr.    Chase    President. 

Mb^  Chase:  Mr.  President,  J  suppose  I  ought  to  say  just  a  few  words. 
This  is  a  suq>rise  to  me.  I  did  not  expert  that  the  vote  would  be  so 
close.  It  shows  the  friendly  rivalry  which  has  existed  he t ween  Mr. 
Wiggin  and  myself.  As  the  rules  of  the  Society  required  that  the 
Board  of  Direction  should  nominate  two  candidates,  we  went  into  the 
heat  of  the  canvass  under  conditions  that  were  entirely  friendly.  There 
was  the  utmost  good  feeling.  I  said  that  I  did  not  want  to  run 
a^inst  him,  and  I  have  uo  doubt  he  said  the  same  thing  about  me.  At 
any  rate,  gentlemen,  I  thank  you  for  the  honor.  This  is  one  of  the 
cases  where  greatness  has  been  thrust  upon  me.  I  will  do  my  best  to 
fill  the  position  to  your  satisfaction. 
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The  President:  The  Chair  thinks  that  it  is  rather  unfortunate  that 
the  conditions  of  the  situation  mentioned  should  exist.  As  Mr.  Chase 
says,  if  there  is  a  vacancy,  it  is  necessary  that  the  Board  should 
nominate  two  candidates  for  the  place.  I  think  that  the  situation  might 
be  improved  in  that  respect,  and  simply  make  it  incumbent  upon  the 
Board  of  Direction  to  fill  the  vacancy,  but  under  the  circumstances,  they 
had  to  make  two  nominations  as  required  by  the  Constitution. 

Is  there  any  further  business  to  come  before  this  business  meeting? 
If  there  is  no  further  business  a  motion  to  lidjourn  will  be  in  order. 

Motion  to  adjourn  duly  made,  seconded  and  passed,  and  the  conven- 
tion declared  adjourned  until  3  p.  m. 

AFTERNOON  SESSION. 

Convention  called  to  order  at  3  P.  M.,  President  Albert  B.  Hill  in 
the  chair. 

The  President  :  Gentlemen,  the  distinguished  engineer  who  has  so 
kindly  consented  to  address  us  this  afternoon  needs  no  introduction  to 
engineers.  The  published  tabulated  results  of  his  splendid  work  on  the 
Sudbury  watershed  of  the  Metropolitan  Water  works  is  regarded  much 
the  same  by  the  water  works  engineers  of  New  England  as  the  Bible 
was  by  our  Pilgrim  Fathers.  And  when  our  government  needed  advice 
on  the  Sanitary  Engineering  problems  in  the  Philippines,  it  turned  to 
an  engineer  well  equipped  to  give  the  advice.  We  are  very  fortunate 
indeed  in  having  the  opportunity  this  afternoon,  to  not  only  hear  of  but  see 
the  results  of  his  observations  in  and  about  Manila.  I  congratulate 
you  that  you  are  now  to  have  the  pleasure  of  listening  to  Mr.  Desmond 
Fitzgerald  of  Boston. 

Mr.  Fitzgerald's  paper  is  printed  on  page  42. 

Secretary  Jackson  :  Mr.  President,  I  move  that  the  Connecticut 
Society  of  Civil  Engineers  extend  to  Mr.  Fitzgerald  a  hearty  vote  of 
thanks  for  this  very  interesting  paper  which  he  has  delivered  before  us 
this  afternoon. 

Motion  seconded. 

The  President  :  Gentlemen,  you  hear  the  motion  of  Mr.  Jackson,  to 
extend  a  vote  of  thanks  to  Mr.  Fitzgerald  for  the  elegant  lecttire  he 
has  given  us.     All  those  in  favor  say    "Aye."     It  is  a  unanimous  vote. 

Meeting  adjourned  to  10  a.  .m.,  Wednesday,  February  14th. 

SECOND  DAY— MORNING  SESSION. 

Convention  called  to  order  at  10  a.  m.,  President  A.  B.  Hill  in  the  chair. 

The  President:  The  meeting  will  please  come  to  order.  I  would 
suggest,  gentlemen,  that  you  all  come  down  and  occupy  front  seats. 
It  will  be  a  little  more  cosy,  and  you  can  hear  the  speakers  a  little  better. 

The  first  paper  on  the  program  this  morning  is  "Sewage  Disposal  at 
Waterbury."  by  Mr.  R.  A.  Cairns.  Mr.  Cairn^  needs  no  introduction. 
He  is  one  of  our  past  presidents. 
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Mr,  Cairns:  Mr.  President  and  Gentlemen:  I  am  very  glad  'o  be 
here,  and  have  the  opporttioity  to  read  a  description  of  what  we  have 
been  tr\'ing  to  do  in  Waterlniry. 

Mr.  Cairns'  paper  is  pruned  on  page  i. 

Discussiun  will  be  found  on  page  49, 

The  President:  Is  there  any  further  discussion  of  this  paper?  TTic 
time  is  going  on.  If  not,  we  will  pass  to  the  next  paper,  "The  Kim- 
berly  Avenue  Bridges  of  New  Haven/*  by  Mr,  Cassius  W.  Kelly,  City 
Engineer. 

Mr.  KeUy*s  paper  is  printed  on  page  11. 

The  President:  Is  there  any  discussion  on  this  paper?'  It  is  now 
ready  for  discussion. 

The  President:  Is  there  any  further  discussion  on  Mr  Kelly's 
paper?  If  not,  we  will  have  Mr.  Turner's  paper  on  "A  Spiral  Curve 
for  Street  Railways." 

Mr.  Turner's  paper  is  printed  on  page  17. 

The   President:    Mr,  Turner's  paper  is  now  open  for  discussion* 

The  PRESinEKT:  Any  further  discussion  on  Mr  Turncr*s  paper?  If 
not,  we  will  pass  to  the  next  paper.  The  next  paper  is  by  Mr.  Edward 
E.  Minnr,  '*Ash  Creek  Bridge." 

Mr.  Mnior's  paper  is  printed  on  page  20. 

The  Presedent:  If  there  is  no  further  discussion  on  that  point,  we 
will  take  up  now  Mr.  Terry's  paper  on  "Rebuilding  the  Hoiisatonic 
River  Bridge," 

Mr.  Terry  :  Before  reading  the  paper  I  would  like  to  call  the  atten- 
tion of  the  Society  lo  the  fact  that  this  bridge  was  not  the  Housaionic 
River  bridge  at  Kaugattick  Junction  but  the  Housatonic  River  bridge 
at  Sandy  Hook.     The  title  is  perhaps  a  little  incomplete. 

Mr.  Terry's  paper  is  printed  on  page  33. 

The  Presihent:    Will  you  discuss  Mr.  Terry's  paper? 

Tbr  President:  Gentlemen,  we  have  another  paper  by  Mr  Ferry » 
<ni  "Reinforced  Concrete  Tanks."  If  Mr.  Ferry  is  ready  we  will  be 
glad  to  have  it  now. 

Mr  Ferry's  paper  is  printed  on  page  26. 

The  President:  Are  there  any  questions  to  ask  Mr.  Ferry  in  regard 
to  this  concrete  tank? 

The  President:  Are  there  any  further  questions  on  this  paper  of  Mr. 
Ferry's?  If  not,  I  think  there  is  a  little  matter  of  business  left  over 
from  yesterday  morning's  meeting  which   was  not    fully  attended  to. 

Mr,  Kellogg:  Mr.  President,  with  your  permission,  I  would  like  to 
offer  a  resolution  that  a  vote  of  thanks  from  this  Society  be  extended 
to  the  Governing  Board  of  the  Sheffield  Scientific  School  for  the  use 
of  this  room  for  our  meeting. 

The  Presiiieni:    Gentlciiien,  you  hear  Mr  KelIogg*s  motion. 

Motion  seconded  and  passed. 

The  Secretary:  1  would  inove  ihat  a  similar  vote  of  thanks  be 
extended  to  the  Consolidated  Railway  Company   for  their  courtesy  in 
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f-jrr.:?h:ng  -js  "aiih  c^rs.  or  that  they  will  famish  lo  us  this  afternoon, 
:r.  Tihich  lo  \-:5:t  the  nitration  beds  and  the  Kimberiy  Avenue  bridge. 

M->::on  seconded  and  passed. 

yisL  Kellogg:  Mr.  President,  I  do  not  know  whether  it  is  necessary 
or  n-x.  as  I  hardly  understand  the  by-laws  well  enough,  but  I  think 
h  -5  best  to  have  a  vote,  and  that  is,  that  the  Secretary's  salary  be  con- 
iir*t:ed  :he  same  as  last  year.  It  would  please  me  very  much  to  make  it 
:r:'>re  beca'jse  of  the  great  deal  of  work  involved,  and  it  is  increasing 
ever)-  year.  At  least,  I  should  like  to  have  a  motion  passed  that  the 
salar}-  be  continued  again  as  before. 

Ma.  Burr:    Second  that  motion. 

The  Presidcxt:  It  is  moved  and  seconded  that  the  salar>-  of  the 
Secretary-  be  cortinued  the  same  a>  last  year.  I  do  not  know  as  it  is 
absolutely  neces>ar>-  for  this  vote,  but  it  will  do  no  harm.  Possibly  the 
by-laws  require  it.  .\II  those  in  favor,  please  say  **.\ye."  Contrary 
minds.    "No.**     It  is  a  vote, 

I  am  sure  this  Societj-  appreciates  the  work  that  has  been  done  by  the 
Secretarj-.  .\s  Brother  Kellogg  states  it  is  increasing  e\-er\-  year,  and 
Mr.  Jackson  has  been  ver>-  faithful  in  the  work. 

Mr.  Craxp.kll:  I  think  that  those  of  us  here  who  have  been  here 
through  the  two  days*  session,  and  I  notice  a  number  who  were  here 
yesterday  who  are  not  here  today,  but  those  who  have  been  here  for 
two  days,  certainly  must  know  that  a  great  deal  of  work  has  been 
done  by  the  local  committee  on  arrangements,  and  certainly  the  lunch 
provided  by  the  members  yesterday  was  ver>-  line  and  should  be  appre- 
ciated by  us  all.  I  think  the  Societ>-  ought  to  pass  a  vote  that  the 
thanks  of  the  Society  be  extended  to  the  I«.>cal  members,  and  especially 
to  the  committee  on  arrangements  for  the  verj-  fine  preparation  they 
made  for  this  meeting. 

Mr.  Birt:  Before  that  mention  :s  put.  Nfr.  President,  I  would  like 
to  say  that  I  heartily  appr^ne  of  a!i  that  Mr.  Crandall  has  said,  and 
would  like  to  add  to  it.  in  reference  to  the  dinner,  that  only  a  short 
time  ago  I  attended  a  dinner  where  certainly  the  bill  of  fare  was  not 
sujH^rior  and  the  price  was  a  third  more.  I  think  the  committee  on 
arrangements  are  certainly  entitled  to  our  sincere  thanks  for  all  the 
work  that  they  have  done,  and  the  successful  showing  that  they  have 
made. 

The  Prksioent:  It  is  moved  and  seconded  that  a  vote  of  thanks  be 
tentlereil  to  the  Kx'al  members,  and  the  committee  on  arrangements,  by 
the  SiXMcty.  -\ll  those  who  are  in  favor  of  the  motion  sigfnify  by 
saving    "Wye."     Contrary  nnnds.    "No.**     It  is  a  \-ote- 

PiiK  Ski  KK!  vR\  :  I  liere  are  otie  or  twc»  matters  that  I  would  like 
to  l»rinn  \\\\  at  this  linuv  One  is  in  re'ation  to  the  visit  this  afternoon 
to  the  Kunhcrly  .\venuo  hrid^os,  U  :s  the  request  of  the  American 
HriilKo  CoiupanN  that  o\ory  man  who  i:v.H*s  on  to  the  Kimberiy  Avenue 
lift  ImuIko  this  attorniVMi  shall  l>e  identinevl  and  \x>uched  for  by  Mr. 
Krll>  or  Muuc  one  in  the  city  onjjineer's  c^ffice.  They  have  had  some 
trtMihU-  down  there,  as  ymi  kiu>w.  and  are  somewhat  timid  and  fear  that 
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possibly  something  may  occur :  in  order  to  avoid  that,  they  wish  to 
take  even'  precaution.  Therefore,  I  would  request  that  the  members 
instead  of  doing  as  is  customary  sometimes,  separating  into  small  groups* 
that  after  visiting  the  smaller  bridge  on  this  side,  they  keep  together 
and  g^ivc  somebody  a  chance  to  get  down  to  the  Hft  bridge  ahead 
of  them,  so  they  may  be  identified^  and  all  troublesome  delays  avoided 
and  that  they  may  not  be  subjected  to  any  annoying  circumstances. 

The  other  matter  is  this:  It  has  been  customar>\  of  course,  for  the 
President  to  appoint  some  members  who  are  familiar  with  the  people 
to  furnish  the  Secretary  with  details  of  the  careers  of  those  dying.  In 
order  that  it  may  be  properly  presented  in  the  anmial  report,  some 
account  of  Mr.  B.  H.  Hull's  connection  with  the  Society  should  be 
prepared.  It  will  be  necessary  for  the  Secretary  to  have  those  details, 
and  1  would  request  the  President  to  appoint  at  this  time  two  members 
who  arc  qualified  to  prepare  such  details,  and  forward  them  to  the 
Secretar>\ 

The  President:  The  Chair  would  inquire  whether  that  would  not 
be  more  properly  clone  by  the  incoming  President? 

The  Secretary:  I  think  not,  Mr.  President  I  think  it  would  prop- 
erly come  within  the  scope  of  your  authority  at  present*  and  it  should 
be  done  at  this  meeting. 

The  President:  I  am  not  quite  certain  who  are  most  familiar  with 
Mr.  Hull.  However,  I  will  appoint  Mr.  Ford,  of  Bridgeport,  and  Mr. 
D.  S.  Brinsmadc,  of  Derby,  as  committee  on  necrology, 

Mr.  Burt:  With  the  permission  of  the  Society  I  would  suggest  the 
addition  of  Mr.  W-  B.  Palmer,  of  Bridgeport. 

The  President:   I  will  be  happy  to  include  ^^r*  Pahner's  name. 

Is  there  any  further  business?  If  not,  a  motion  to  adjourn  will  be 
in  order. 

Convention  adjourned. 


SUMMER    MEETING. 

The  annual  summer  guting  of  the  Connecticut  Society  of  Civil 
Engineers  was  held  in  New  Haven,  Aug.  23,  1Q05,  everything  being  run 
oflF  with  that  mathematical  precision  that  marks  all  the  actions  of  the 
memt>ers  of  the  organisation,  of  whom  there  were  about  sixty- five  pre- 
sent They  left  New  Haven  on  a  special  trolley  car  at  to  o'clock,  the 
run  to  Derby  being  made  in  the  regular  time,  reaching  there  at  ro.45. 

The  first  work  of  the  party  was  to  inspect  the  new  three-span  steel 
concrete  arch  bridge  that  has  been  constructed  over  the  Naugatuck  river 
by  the  towm  of  Derby.  After  having  looked  at  this  work,  they  inspected 
the  work  of  replacing  the  old  two- span  single  track  trestle  over  the 
Housatonic  river  in  Shehon  with  a  new^  double-track  steel  riveted  three- 
span  bridge.  Each  of  the  spans*  on  this  bridge  is  154  feet  long.  The 
work  IS  being  done  by  the  Boston  Bridge  Company  for  the  New  Haven 
railroad,  and  is  one  of  the  contracts  let  to  minor  concerns  on  account  of 
the  bridge  workers*  strike.    Four  new^  masonry  piers  have  been  erected 
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and  good  progress  has  been  made  in  the  steel  work.  The  work  is  in 
charge  of  F.  J.  Easterbrook,  construction  engineer  for  the  railroad. 

After  having  inspected  this  work  the  members  of  the  party  went  over 
to  Shclton,  where  they  turned  their  attention  to  the  Housatonic  canal. 
There  is  a  wooden  trestle  over  this  at  present,  but  it  is  being  replaced  by 
one  of  steel  "?'  beams  on  new  concrete  piers  and  abutments.  This  is 
a  very  narrow  canal  and  the  piers  are  the  narrowest  in  the  state,  being 
only  22  inches  wide  at  the  top.  They  are  i6o  feet  long.  The  work  on 
them  has  been  done  at  night  and  on  Sundays,  as  it  was  impossible  to 
sink  caissons  when  the  factories  are  at  work. 

After  this  inspection  had  been  concluded  the  members  adjourned  to  a 
special  car  that  was  waiting  on  a  siding,  and  there  had  lunch. 

At  I  o'clock  they  returned  to  the  trolley  car  and  were  taken  down  the 
bank  of  the  Housatonic  river  to  Naugatuck  Junction,  where  six  new 
granite  piers  and  new  granite  abutments  were  being  constructed  for  a 
four-track  bridge  over  the  Housatonic  river.  The  work  on  several  of 
the  piers  and  abutments  had  been  completed.  In  this  work  cofferdams 
and  pneumatic  caissons  were  used.  The  foundations  of  the  piers  and 
abutments  are  from  15  to  50  feet  below  high  water  mark.  After  this 
part  of  the  trip  had  been  completed,  the  members  took  the  trolley  back 
to  New  Haven,  where  they  held  their  business  meeting  and  dinner  at 
5.15  at  Savin  Rock. 

Those  to  l)e  admitted  to  membership  at  the  business  meeting  were : 
D.  Schuyler  Hanta.  Hartford;  George  L.  Catlin.  Bridgeport;  Ernest  A. 
Keeney.  Lyme;  Klhert  E.  Lochhridge,  Springfield;  Robert  M.  Hosley, 
New  Haven;  Bradford  D.  Pierce.  Jr..  Bridgeport;  George  H.  Shaw, 
Hartford;  Harry  \V.  Storrs.  Meriden ;  Curlys  L.  Slocum,  New  Haven; 
Frink  M.  Smith,  Danbury;  Henry  B.  Seaman,  Stamford;  James  A. 
Toner,   Meriden ;    Emanuel   L.   Wrvoer,   New   Haven. 

The  committee  in  charge  of  the  arrangements  for  this  outing  was  com- 
posed of  the  following  members :  John  K.  Punderford,  Ely  M.  T.  Ryder, 
Walter  T.  Spencer,  Erne*5t  W.  Wiggin,  Charles  A.  Ferry,  Frederick  J. 
Easterbrook.  Edward  E.  Minor,  A.  William  Sperr>-,  Henry  J.  Kellogg, 
Henr>'  H.  Gladding.  J.  Frederick  Jackson,  Albert  B.  Hill. 
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CONSTITUTION, 


ARTICLE  L 

NAME  AND  OBJECT. 

SicnoN  I.— The  name  of  this  Society  shall  be  the  Connecticut  Soarry 
OF  Civil  Engineers. 

OBJECT. 

Sec  2. — The  object  of  this  Society  shall  lie  the  professional  im[>ro\'e- 
mem  of  its  members;  the  encouragement  of  social  intercourse  among 
men  of  practical  science,  and  the  advaticetnent  of  engineering  in  its 
se\xral  branches,  to  wit:  Civil,  hydraulic,  naval,  sanitary,  mechanical, 
electrical,  architectural,  mining*  geological,  metallurgical,  and  chemical; 
the  reading  and  discussion  of  papers,  or  to  hear  lectures  on  any  of  the 
above  topics  relating  to  engineering  science,  and  the  transaction  of  all 
business  properly  belonging  to  said  Society, 

ARTICLE  IT 

MEMBERSHIP. 

Section  i. — ^Tlie  membership  of  this  Society  shall  consist  of  Members, 
Honorarj*  Members  and  Associate  Members. 

MEMBERS, 

Sec.  2. — Members  must  be  at  least  twenty-one  years  of  age  and  have 
had  two  years'  actual  experience  in  son-^e  branch  of  engineering  or  sur- 
veyingt  or  shall  have  been  graduated  from  an  engineering  course  in  a 
college  or  university  of  recognized  standing,  and  they  only  shal!  l>e 
entitled  to  vote  or  transact  business  for  the  Society. 

HOKOHARV    MEMBERS. 

Sec.  3. — Honorary  Members  may  be  as  many  as  the  Society  shall  elect. 
They  shall  have  no  vote,  nor  shall  they  be  eligible  to  hold  office.  They 
shall  have  the  right  to  attend  all  public  meetings  and  to  enjoy  such  other 
privileges  as  the  Society  may  see  lit  to  grant,  excepting,  however,  such 
Honorary  Members  as  may  be  elected  from  active  membership,  when 
ibey  shall  retain  their  right  lo  vote  and  to  hold  office, 

.ASSOCIATE    MEMBERS. 

Sec.  4. — Any  person  desiring  to  become  associated  with  this  Society, 
who  is  not  eligible  to  active  inembership.  may  make  application,  and  if 
said  application  receives  a  favorable  report  from  the  Board  of  Direction, 
it  shall  be  acted  upon  by  the  Society  at  the  next  regular  meeting,  and  if 
said  candidate  shall  receive  a  majority  of  the  votes  cast  he  shall  be 
declared  elected  as  an  Associate  Member.  Associate  Members  shall  have 
no  vote,  nor  shall  they  be  eligible  for  any  office. 
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ARTICLE  III. 

OFFICERS   AND  THEIR  DUTIES. 
OFFICERS. 

Section  i. — The  officers  of  this  Society  shall  be,  a  President,  two  Vice 
Presidents,  a  Secretary  and  Treasurer,  an  Assistant  Secretary,  and  four 
Directors. 

election  of  officers. 
Sec.  2. — The  officers,  excepting  the  Assistant  Secretar>'.  shall  be  elected 
at  the  annual  meeting:,  and  shall  hold  their  respective  offices  until  the 
final  adjournment  of  the  nieeting  in  which  others  are  elected  and  quali- 
fied in  their  places. 

PRESIDENT. 

Sec.  3. — The  President  shall  preside  at  all  meetings  when  present.  He 
shall  be  chairman  of  the  Board  of  Direction,  and  of  all  standing  com- 
mittees, and  shall  appoint  all  special  committees,  unless  otherwise  ordered 
by  a  vote  of  the  Society. 

VICE  PRESIDENTS. 

Sec.  4. — In  the  absence  or  inability  of  the  President  to  act,  the  Senior 
\'ice  President  present  shall  perfonn  his  duties. 

SECRETARY. 

Sec.  5. — Tlie  Secretary*  shall  attend  all  meetings  of  the  Society,  and  the 
FU^ard  of  Direction,  and  shall  keep  the  minutes  thereof.  He  shall  con- 
duct the  general  correspondence  of  the  Society,  receive  communications 
addressed  thereto,  and  present  the  same  to  the  proper  committees,  officers, 
or  meetings.  He  shall  issue  notices  of  all  meetings,  inform  committees 
of  their  appointment,  and  officers  and  new  members  of  their  election. 
•  He  shall  notify  all  committees  oi  coming  meetings  and  prepare  the 
matters  tor  presentation.  He  >har.  keep  a  complete  list  of  all  members, 
with  their  adilrc»e<  and  datc<  of  election.  He  shall  publish  the  annual 
rc|H^ri,  He  >hall  iHTtVrni  such  other  duties  penaining  to  his  office  as 
m.iy  U*  iniposcil  U|H^n  him  by  the  SvX'iety  or  by  the  Board  of  Direction, 
and  <hall  receive  a  >alary  to  be  fixed  by  the  Society. 

rKF  VSl  RER. 

Sk\  O  The  rre.i^nrer  shall  ke^p  the  accvMuus.  collect  all  the  funds 
\»f  the  Siviely  and  shall  de|K^s:i  tlx*  same  10  the  credit  of  the  Society  in 
such  de|H»>aory  a<  n»a\  1h^  desigv.aied  by  ihe  Board  of  Direction.  He 
vhall  |My  all  bilU.  when  approved  b\  ::x*  President  or  a  majority  of  the 
Uoavd  ot  IhuvtKU).  He  shall  keep  Nvk  accv^unts  of  his  receipts  and 
r\|HM\dnuve^.  which  shall  at  all  tinu*<  Jh^  oper.  to  the  inspection  of  the 
Uoaul  He  >\\a\\  nu»ke  a  dul>  a*.:d;UN!  -utuiied  report  to  the  annual 
nu'et\ti>;  He  shall  yiive  KMid>  tor  i^o  ta'.ihtul  ix^rformance  of  his  duties, 
\\\  vuoh  .nnotintN  auv!  with  n'»cV.  s'.:re::es  as  :ht:  Board  of  Direction  may 
ictpmw  i\\u\  he  vlull  u'ceiw  s'.vh  rer.:;r'.era:!on  as  the  Societj*  may  vote 
to  lum  luMu  tune  to  ttt\\e  H-.e  Boarv!  of  FHrection  shall  audit  the 
liravmer'v  aeei^iutv  and  Kvks  ar.nvM^y. 


ASSISTANT  SECRETARY- 

Sec.  7. — The  Assistant  Secretary  shall  he  appointed  annually  by  the 
President,  and  his  duties  shall  be  such  as  woitld  pertain  to  the  office 
of  executive  secretary. 

BOARD  OF  DIRECTION, 

Sec.  8. — This  Board  shall  consist  of  the  President,  the  two  Vice  Presi- 
dents, and  the  four  Directors.  Tr  shall  have  snpcrvision  and  care  of  all 
the  aflfairs  and  property  of  the  Society*  and  sha!l  conduct  the  same  in 
accordance  with  the  Const  it  ittion  and  By-Laws.  The  President  or  one 
of  the  V^icc  Presidents  shall  preside  at  all  meetings  of  the  Board,  in  the 
order  of  semority.  In  the  abi^ence  of  all  these  officers,  a  chairman  f^ro 
t€m,  may  be  appointed  for  the  meeting.  The  first  year  after  this  section 
is  adopted*  four  members  shall  be  chosen  at  the  annua!  meeting;  two 
shall  be  chosen  for  a  term  of  one  year  and  two  to  serve  two  years. 
At  all  subsequent  annual  meetings  two  members  shall  be  chosen  to 
serve  two  y^ars.  Four  members  shall  constitute  a  quorum  to  trans- 
act business. 

ARTICLE  IV. 

ELECTIONS, 
OFFICERS^  WHE\*   FX^CTED 

Section  i. — At  each  annue!  meeting  the  Society  shall  elect,  by  ballot,  a 
President,  two  Vice  Presidents,  and  a  Secretary  and  Treasurer,  to  serve 
one  year;   also  two  Directors*  to  serve  two  years. 


NOMINATIONS,    HOW    MADE, 

Sec.  2. — A  nominating  blank,  or^ntaining  a  list  of  officers  to  be  voted 
for,  shall  be  sent  by  the  Secretary  to  each  member,  at  least  sixty  (60) 
days  before  the  day  of  the  annual  meeting.  The  nominations  for  officers 
shall  be  returned  to  the  Secretary  in  an  envelope  eadorsed  with  the  mem- 
ber's signature,  within  twenty-one  (21)  days  from  the  dale  upon  which 
the  blanks  were  mailed  to  members,  and  shall  be  delivered  by  hira» 
unopened,  to  the  Board  of  Direction  at  a  meeting  to  be  held  by  them  to 
canvass  such  nominations. 

A  member  nominated  for  an  office  by  as  many  as  ttn  (10)  other  mem- 
bers may  become  a  candidate  for  that  office.  If  a  member  be  nominated 
fur  more  than  one  office,  be  shall  be  considered  as  having  been  nominated 
for  that  office  for  which  he  received  the  most  nominating  ballots, 

H  no  member  receives  ten  (10)  nominating  baliols  for  an  office,  or  if 
for  any  reason  tlierc  should  be  no  candidate  for  an  office,  the  Board  of 
Direction  shall  nominate  at  least  two  candidates  for  that  office. 

All  nominees  for  office  shall  be  notified  at  once  by  the  Secretary  of 
their  nomination  mxd,  unless  the  Secretary  receives  a  prompt  declination, 
it  «.hali  t>e  assumed  that  they  have  accepted  such  nomination. 
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ELECTIONS.    HOW   CONDUCTED. 

Sec.  3. — At  least  twenty-one  (2i>  days  before  the  annual  meeting 
the  Secretary  shall  send  each  member  a  ballot,  containing  the  names 
( arranged  alphabetically)  of  the  candidates  for  each  office.  This  .shall 
be  accompanied  by  an  envelope  addressed  to  the  Secretary,  with  a  blank 
space  on  the  back  for  the  signature  of  the  member  voting,  also  a  blank 
envelope  carrying  no  mark  for  recognition. 

Each  member  shall  signify  his  choice  of  candidates  on  the  ballot  and 
return  it  to  the  Secretary  in  two  sealed  envelopes;  the  inner  one  to  be 
left  entirely  blank,  and  the  outer  one  endorsed  with  signature  of  sender. 

Ballots  may  be  sent  by  mail  to  the  Secretary  or  handed  to  him  directly. 
The  Secretary  shall  deliver  the  ballots,  unopened,  to  the  tellers  appointed 
by  iho  presiding  officer. 

The  |H-»lls  will  close  at  eleven  o'clock  in  the  morning  of  the  day  of  the 
regular  annual  business  meeting  of  the  Society. 

ME.MBERS    IX    .\RRE.\RS   C.KX.NOT  X^OTE. 

Sec.  4. — It  shall  Ix'  the  duty  of  the  Trea>urer  to  furnish  the  tellers 
with  an  alphalxnical  list  of  nH»mlx?rs  in  arrears  for  dues  for  two  years  or 
more,  and  no  vote  from  a  member  so  in  arrears  shall  be  counted.'  Ballots 
received  from  such  memlvrs  sha!!  Ix?  returned  to  them  unopened  with 
a  statement  of  the  reason  for  such  activ^^n. 

in  rKAUTV    ELECT.^. 

Sei\  5  —  The  candidate  for  each  office  receiving  a  plurality  of  the  votes 
sha'l  bo  vWciarod  e'lOCtod  h^  case  v^f  a  tie  vote,  the  meeting  shall  proceed 
to  \v^!e  b\  ballot  i\^r  t'.u*  car.v1:oa;o<  wh->  .ire  ::eu. 

Skv    (^      ri'.c  Scorot.;r\   ^>..i"  »^rrc'.a'*\   •::•!>  ir.  writing  each  officer  of 

i^fficxr^  ^x^  cVctOv!  sh.i'.!  v;::.i"-.!>  .i*:.:  ,»><"r:'!e  their  duties  immediately 
af;cr  tl:c  .ivi^o'orr.tucr,;  .m'  :V.o  :r.cc:-.r.»:  ,\:  \%:*.-ch  :hey  are  elected,  and  shall 
1\\>M  offivv  unt;!  &x:t  <\wcc>^^.^t<  .vro  l^.!!\  e'.ected  and  qualified. 

\  wvNv  .r< 
Skv     *      \\\v\u'.c-.c^  «\v;::t-.:'»:  !.^r  .\:\\   ca;>o  :::  the  !:st  of  officers  shall 
Iv  'Axvi  h\  X\w  \\.-A\.\  .^i  Ptcc:;s  r 

v;  Kv  v;o  \  .^y  v  t  v  lyf-KS 

Sf»  S  l\4c^  ,»*,v'-''^»*'^"'  "'*-*■  *^v  Ar.rv^v.r.vvo  cr.  the  notices  for  the 
!v\«  M'.vv;M*.ii  Attct  *:  'V  'xvc-x^v..  v>..v;"  -.he:*  Sr  o.'::s:dered  by  the  Board  of 
P•lYc;^*»^  A\u\.  '.\  .\-,»pvx^\ov^  >h,; '.  V  vr<>c:v.Cvi  :>  :he  S^xrieiy  for  l>allot 
M  ,\  '.x^aw'^Ax  \\\\wr*Aii  \i  A  y\\'.\.\- <\xxc  rrcc'vcs  i  :r.i>or:iy  of  the  ballots, 
**.o  ^**,;''  iv  %Uv*,iu^l  v'coJvn;  '.:'.  vVoc  .^:  TY"cv"^:or.,  no  minute  shall  be 
l»r'»'  >'*»l  'mv,  ;hc  SvVvcAtx  x>a"   '.^v.tx  ;><:  Ay»jv:cji:[it  by  letter. 
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APPUCATION    FOR    MEMBERSHIP. 

Sec.  9, — All  applications  for  membership  or  for  transfer  from  one 
^ack  of  memfjef^hip  to  another,  shall  be  made  on  a  regular  form,  to  be 
secured  from  the  Secretary,  and  to  he  endorsed  by  three  Members. 
This  fonn  shall  contain,  immediately  over  the  signature  of  the  applicant, 
a  clause  in  which  the  applicant  shall  agree  that  if  elected  he  will  be  gov* 
emed  in  all  Society  matters  by  the  Constitution  and  By-Laws,  and  will 
forward  the  interests  of  the  Society  at  all  times. 

AR  TICLH  V- 

MEETlNr.S, 
ANNUAL  MEETI.VG. 

Section  i. — Tlicre  shall  be  a  regular  annuat  meeiing  held  on  the  second 
Tuesday  of  February  each  year,  at  such  place  as  may  be  selected  by  the 
Board  of  Direction,  of  which  due  notice  shall  be  given  by  the  Secretary, 

MEETINGS,    MOW    CALLED. 

Sec  2. — Special  meetings  may  be  called  by  the  President  and,  when 
so  called,  notice  of  the  meeting  specifying  the  business  thereof  shall  be 
mailed  by  the  Secretary  to  the  postolfice  address  of  each  member  at  least 
ten  days  before  such  meeting  shall  be  held.  Special  meetings  shall 
be  called  by  the  President  on  written  application  of  any  ten  (10} 
members. 

QUORUM, 

Sec  3- — Ten  per  cent,  of  the  member?>hip  shall  constitute  a  quorum  for 
the  transaction  of  ordinary  business,  except  for  the  election  of  officers 
or  for  voting  on  amendments  to  the  Constitution  or  By-Laws,  which 
shall  rcQuirt'  fifteen  per  cent. 

ARTICLE  VI, 

HUES. 

Sechox  1. — The  annual  dues  of  Member,s  and  Associate  Members  shall 
he  three  C$3.00)  dollars  per  year,  payable  in  advance  at  the  annual 
meeting. 

Members  elected  at  any  time  of  the  year  shall  pay  full  dues  for  that 
year. 

Sec  2, — Honorary  Meml>ers  shall  pay  no  annual  dues. 

Sec  3. — The  Board  of  Direction  shall  have  power  to  remit  dues  wdicn, 
in  their  opinion^  it  is  for  the  t>cst  interest  of  the  Society. 


ARTICLE  VII. 

DEPRIVATION    OF    MEMBERSHrP, 

Section  1, — Any  member  whose  dues  shall  remain  unpaid  for  two  (2) 
years  shall  be  notified  by  the  Treasurer,  by  sending  by  registered  mail 
a  bill  for  dues  in  arrears,  on  the  face  of  which  bill  shall  be  printed  the 
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sections  of  the  Constitution  covering  such  cases.  If  the  dues  arc  not 
paid  within  thirt>-  (30)  days  after  such  notification,  the  matter  shall  be 
presented  to  the  Board  of  Direction,  who  shall  have  power  to  drop  such 
member  from  the  roll. 

RESIGNATIONS. 

Sec.  2. — Resignations  must  be  submitted  in  writing  to  the  Secretary, 
and  may  be  accepted  by  the  Board  of  Direction  when  all  indebtedness 
to  the  Society  has  been  discharged. 

Sec.  3. — All  charges  against  any  member  shall  be  investigated  by  the 
Board  of  Direction  before  being  submitted  to  the  Society. 

Any  member  may  be  expelled  for  conduct  which  may  be  deemed  preju- 
dicial to  the  Society,  by  a  two-thirds  vote  of  the  Members  present 
at  a  business  meeting;  provided,  that  not  less  than  fifteen  (15)  vote 
for  expulsion,  and  that  such  member  shall  have  had  one  month's  notice 
of  the  charges  preferred  against  him  and  of  the  time  appointed  for  their 
consideration.  All  charges  must  fully  set  forth  the  offense  or  offenses 
alleged,  and  must  be  signed  by  the  members  preferring  them.  An 
attested  copy  must  be  furnished  the  accused,  who  shall  be  entitled  to  be 
present  and  to  be  heard  in  defense,  in  person  or  by  attorney,  at  all  meet- 
ings at  which  the  charges  are  investigated,  except  during  the  time  when 
a  final  vote  is  being  taken. 

ARTICLE  VIII. 
.amendments  to  the  constitution. 

Section  i. — Proposed  amendments  to  this  Constitution  must  be  pre- 
sented in  writing  at  a  regular  business  meeting  of  the  Society,  and  signed 
by  at  least  three  Members. 

Amendments  so  presented  shall  be  read  at  the  meeting  and  a  copy 
filed  with  the  Secretary  at  the  same  time.  At  the  meeting  when  presented 
the  proposed  aniendments  may  be  discussed  and  amended,  but  cannot 
be  adopted. 

Sec.  2. — At  any  regular  business  meeting  the  amendments  previously 
proposed,  according  to  Section  i.  may  be  voted  upon  by  letter  ballot. 
These  ballots  shall  be  sent  out  with  the  call  for  the  meeting  and  shall 
have  the  proposed  amendment,  together  with  the  section  of  the  present 
Constitution  covering  the  iH:)int  in  question,  printed  upon  the  ballot.  With 
the  ballot  shall  also  l>e  sent  an  envelope  directed  to  the  Secretary  and 
marked  "Ballot  on  Amendment."  The  Secretary  shall  keep  these  letters 
unopened  and  present  to  the  presiding  officer  all  replies  received  up  to 
the  hour  of  cl<»sing  the  polls.  Tellers  shall  be  appointed  by  the  presiding 
officer.  wh<»  shall  open  and  count  all  ballots.  The  result  shall  be 
announced  to  the  meeting  by  the  presiding  officer.  Two-thirds  of  the 
ballots  cast  will  be  necessary  for  the  adoption  of  an  amendment. 

Sk<-.  .V  -The  Hoard  of  Direction  is  authorized  to  number  the  Articles 
and  ScctiouN  of  the  Constitution  and  By-Laws  to  correspond  with  any 
changes  that  may  be  made. 
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BY-LAWS. 


MEETINGS. 

1.  In  addition  to  the  regular  annual  meeting,  as  provided  by  the  Con- 
stitution, the  Society  shall  hold  at  least  one  other  general  meeting,  and 
may  hold  such  other  meetings  to  listen  to  such  lectures  or  addresses,  or  to 
visit  engineering  works  of  interest,  or  of  a  purely  social  nature,  as  the 
Board  of  Direction  may  decide  to  call. 

GENERAL  ORDER  OF  BUSINESS  AT  'ANNUAL   MEETING. 

2.  The  following  general  order  of  business  shall  be  observed  at  annual 
meetings : 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Report  of  Board  of  Direction. 

3.  Report  of  Secretary. 

4.  Report  of  Treasurer. 

5.  Report  of  any  Special  Committees. 

6.  Election  of  new  members. 

7.  Election  of  officers. 

8.  Address  of  President. 

9.  Miscellaneous  business. 

10.  Papers,  lectures,  or  addresses. 

11.  Adjournment. 

BUSINESS    MEETINGS — ORDER. 

3.  The  following  general  order  shall  be  observed  at  Business  Meet- 
ings : 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Miscellaneous  announcements. 

3.  Stated  business. 

4.  Adjournment. 

4-  Contributing  Members  under  the  old  Constitution  shall  become 
Associate  Members  upon  the  adoption  of  the  Revised  Constitution. 

5.  Actual  personal  transportation  expenses  incurred  by  the  Secretary 
in  attending  meetings  shall  be  paid  from  the  Society  treasury,  upon 
approval  of  the  President  or  two  members  of  the  Board  of  Direction. 

6.  In  the  election  of  Honorary  Members,  a  unanimous  vote  is  neces- 
sary to  elect. 

7.  The  Society  may  at  any  time,  duly  named  for  the  purpose,  enact 
By-Laws  for  the  future  guidance,  consonant  with  the  Constitution.  These 
By-Laws  may  be  amended  or  repealed  at  any  meeting,  in  the  call  for 
which  meeting  a  copy  of  the  proposed  amendment  or  addition  shall  have 
been  printed  and  sent  to  each  member  with  the  said  notice. 
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PARLIAMEN'TARY    Rl'LES. 

8.  In  all  questions  arising  at  any  meeting,  involving  parliamentary 
rules,  not  provided  for  in  these  By-Laws.  Roberts*  Rules  of  Order  shall 
Ik*  the  s^verning  authority. 

VISITORS. 

a  Visitors  may  be  admitted  to  meetings  under  such  rules  as  the 
meeting  may  prescribe. 

lo.  All  forms,  such  as  blanks  for  application  for  membership,  ballots 
for  officers,  ballots  on  anwndments  to  Constitution  or  By-Laws,  and 
other  necessary  blanks  for  the  conduct  of  the  business  of  the  Society, 
shall  Ik»  prepared  by  the  Secretary  and  approved  by  the  Board  of  Direc- 
tion. 


List  of  Members. 

With  Addresses  and  Dates  of  Election. 


Members  are  particularly  requested  to  inform  the  Secretary  at  once 
of  any  change  in  address. 


HONORARY   MEMBERS. 

CHITTENDEN,  PROF.   RUSSELL  II April  20,  1901 

Dean  of  Sheffield  Scientific  School  of  Yale  University,  New  Haven,  Conn. 

CLARK.    EDGAR    June,   1887 

Putnam,  Conn. 

CLARK,   JOHN    E April,  1884 

Prof.  Mathematics,  Emeritus,  at  Sheffield  Scientific  School,  Yale  University, 
South  Terrace,  Longmeadow,  Mass. 

FITZGERALD,    DESMOND    Jan.  8,   1901 

Consulting  Engineer,  Brookline,  .Mass. 

FROST,  GEORGE  H April,  1884 

President  Engineering  News  Publishing  Co.  New  York. 

HADLEY,  DR.  ARTHUR  T April  20,   1901 

President    Yale    University,    New    Haven,    Conn. 

HATHAWAY,  BENJAMIN   F Aug.   14,   1900 

Stamford,    Conn. 

HAYNES.   EDWARD  C Jan.   14,  1890 

Danbury,   N.   H. 

PETTEE,   WILLIAM    E Jan.   10,   1899 

Civil    Engineer,    Salisbury,    Conn. 

.SCOFIELD,  HORACE  G Feb.   13,   1906 

Civil  Engineer,   Bridgeport,  Conn. 

SEYMOUR,   WILLIAM    O Feb.  9.   1904 

Railroad   Commissioner,    Ridgefield,    Conn. 

.SKINNER,    FRANK  W Jan.  9,  1900 

Editorial  Staff  of  the  Engineering  Record,  New  York. 

MEMBERS. 

ADAMS,  JULIUS  L July  18,  1899 

Civil  Engineer  Hartford,  Manchester  and  Rockville  Tramway  Co., 
South  Manchester,  Conn. 

ALDERSON,  ALGERNON  B Jan.  10,  1899 

Town    Engineer,    West    Hartford,    Conn. 

AMRHYN,    GUSTAVE   X Feb.  9,  1904 

Associate    Member,    New    Haven,    Conn. 

AU(;UR.    EDWIN   P April,   1884 

Civil   Engineer  and  Surveyor,   Middletown,   Conn. 

AYRES.   HENRY   W Jan.   13,   1885 

Hydraulic   Engineer,  Hartford,  Conn. 
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BACOX.  ARTHL'R  \V Feb.  9,   1904 

'Secretary  United  States  Engineering  Co.,  New  York. 
BACON',  JOHN  \V Jan.,   1884 

Civil  Engineer,  Danbury,  Conn. 
BAXTA.  D.  SCHUYLER   Aug.  23,  1905 

CiWl  Engineer,  Hartford,  Conn. 

BARKER,  WILLLAM  H Aug.  10,  1904 

Civil  Engineer,  Hartford,  Conn. 

BARNEY,  SAMUEL  E.    Jan.  9»  1900 

Prof.   Civil   Engineering  Shefiield  Scientific  School,   Yale   University. 
New  Haven,  Conn. 

BE-\CH,   CH.\RLES   EDWARD    Jan,  10,  1893 

Civil  Engineer,  West  Hartford,  Conn. 

BELDEN,  EDGAR  T Jan.  8.  1901 

With  Warner-Miller  Co.,   New   Haven.  Conn. 

BELDEN,  CLIFFORD   H March   30,   1900 

Civil   Engineer,   Hartford,  Conn. 

BENNETT,    R.AYMOND     F March  30.  1900 

W.  F.  Bennett  &  Son,  Contractors.  Portland,  Maine. 

BERRIAN.   RICHARD   M Jan.  9.  1900 

Engineering  Department,  N.  Y.  N.  H.  &  H.  R.  R.  Co., 
Bridgeport,   Conn. 

BERRY,  CHARLES  H Aug.  10,  1904 

Civil  Engineer,  Flatbush,  N.  Y. 

BISHOP,  GEORGE  H Jan.  13,  1885 

Hydraulic   Engineer.   Middletown,  Conn. 

BISSELL,   CLINTON    T Aug.  10.  1904 

Civil   Engineer,   Brooklyn.   N.   Y. 

BL.U'K.   WILLIS  J Feb.   13,  1906 

Civil   Engineer,   New   Haven.   Conn. 

BLAIR.  CLARENCE  .M Vug.   10,  1904 

Civil  Engineer.  New  H.-»\-en.  Conn. 

BLAKESLEE,    CL.\RENCE    Jan.  9,   1900 

Civil  Engineer  and  Contractor.  New    Haven,  Conn. 

BLATCllLEY,  WILLIA.M  J Aug.   10.  1904 

Civil  Engineer.  New  Haven.  Conn. 

BODFISH.    HENRY    I Feb.   13.  1906 

Civil    Engineer.    Derby.    Conn. 

BRADLEY,   DANIEL  E : Jan.  9.  1894 

President  Berlin  Construction  Co.,   Berlin,  Conn. 

BRETT,  THOMAS  C Aug.  10,  1904 

Civil  Engineer,  New  Haven.  Conn. 

BRINSMADE.    DANIEL   E April  20,  190 x 

Srcrctary  ami   .VKsistunt    Engineer  Ousatonic   Water   Co.,    Shelton,  Conn. 

IIRINSM.VDE.   D.   S April,  1884 

Kiigincer   Ilousatonic   Water  Power  Co..  IVrby,  Conn. 

UKOWN.    CII.\K1.F.S    O Jan.   11,  1898 

City    Engim-er.   Danhury.   Conn. 

HROWN.    F.D.MrNl)    Jan.   10,  1899 

SiiiK-nntrmlrnt  and  Engineer  of  Norfolk  Water  Co..  Norfolk,  Conn. 

IIKHW.N.   W.M.TKR   A Oct.  11,  1902 

I'm  it    .\r>!«iMant   City   K.nginecr.   Springtield.   Mass. 
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BROWN.  WALTER  A. Feb.  13.  1906 

Civil  Engineer.  N.  Y..  N.  H.  &  H.  R.  R.  Co.. 
Derby.  Conn. 

BUCK,  HENRY  R Jan.  10,  1899 

Civil  Engineer.  Hartford.  Conn. 

BUDDINGTON.  JOHN  E.    March  30,  1900 

Consulting  Engineer  And  Contractor,  New  Haven.  Conn. 

BUNCE.  CHARLES  H April.  1884 

Civil   Engineer.   Hartford,   Conn. 

BURGHART,  WALLACE  W Feb.  13,  1906 

Town  Engineer.  North  Canaan.  Conn. 

BURT.  LUTHER  HAROLD   Aug.  14,  1900 

Department  of  Designing  Engineer.  N.  Y.  C.  &  H.  R.   R.. 
New  York.    . 

BURT,   LUTHER  W Jan.  13,  1885 

Civil  Engineer  and  Surveyor,  Hartford,  Conn. 

BUSCHOR,   EMIL  CHARLES    Jan.   10,  1899 

Civil  Engineer  and  Surveyor,  Central  Valley,  New  York. 

BUSH,    EDWARD   W Jan.  10,  1899 

Assistant  Engineer  Conn.   River  Bridge  and  Highway   District, 
Hartford,    Conn. 

BUSHXELL,  HOWARD  E Feb.  13.  1906 

Civil  Engineer,  Hartford,  Conn. 

BUSHNELL,  W.  G Feb.  14,  1905 

AssociatOi  Member,  Westinghouse  Electric  Co.,  New  Haven,  Conn. 

CADWELL,  WILLIAM   H May  31.  1893 

Civil  Engineer,  New  Britain,  Conn. 

CAHN,   ALEXANDER    Jan.  9,  1900 

Civil  Engineer,  New  Haven,  Conn. 

CAIRNS.   ROBERT  A Aug.  29,  1890 

Sanitary  and   Hydraulic   Engineer  and   City   Engineer,   Watcrbury,    Conn. 

CARD,  HUBER  D Oct.  24,  1895 

Civil  Engineer  and  Surveyor,  Willimantic,  Conn. 

CARLISLE,  HARRY  E Jan.  9,  1900 

Conduit  Engineer,- S.  N.  E.  Telephone  Co.,  New  Haven,  Conn. 

CARTER,  RALPH  B Jan.  14,  1890 

Civil  Engineer,  26  Courtlandt  St.,  New  York. 

CATLIX.  GEORGE  L Aug.  23,  1905 

Associate    Member,    Civil    Engineer,    Bridgeport,    Conn. 

C-AUM,    FR.\NK    Aug.  14,  1900 

Scranton   Railway  Co.,   Scranton,   Pa. 

CHANDLER,   CHARLES    E April,  1884 

Civil    Engineer.    Norwich.    Conn. 

CHAPMAN,  FREDERICK  S Feb.   10,  1903 

Philippine  Islands. 

CHASE,  CHARLES  F March  30.  iqoo 

Engineer  Berlin  Construction  Co.,  New  Britain.  Conn. 

CHENEY,  RICHARD  OTIS,  JR Jan.  9,  1900 

Civil   Engineer,   South   Manchester,   Conn. 

CLARK,  HERBERT  G July  18,  1899 

Engineer  of  Keney  Park,   Hartford,  Conn. 

CL.XRK.    ROSCOE   N July  18,  1899 

Assistant    City    Engineer,    Hartford,    Conn. 


I04  TWKNTV-SECOXD  ANNUAL   MEETING. 

CLARK.   VINCENT   B Feb.  9.  I9<H 

Civil  Engineer,  Milford,  Conn. 

CLARK.   WILLIAM    S July  14,  1890 

City   Engineer.   Meriden,   Conn. 

COCHRANE.  WILLIAM  B Jan.  14.  1890 

Civil   Engineer,   Stamford.  Conn. 

C< )E.  THEODORE  I Jan.  9.   'poo 

Architect,  New  York. 

COr,<;E.^H.\LL.   R.   C.   P June,   1887 

Superintendent  of  Water  Works.  New  Bedford,  Mass. 

COLE,   CLINTON   L Feb.  9,   1904 
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U.  S.  Assistant  Engineer,  New  Haven,  Conn. 

VERVEER,   EMANUEL  L Aug.  23,  1905 

Civil  Engineer,     New  Haven,  Conn. 

VORCE.  CLARENCE  B Jan.  10,  1899 

John  F.  Kelly  Engineering  Co.,  New  York  City. 

WADHAMS,  JOSEPH    P Feb.  9,  1904 

Civil  Engineer,  New  Haven,  Conn. 

WADSWORTH,  A.  R Oct.  27.  1886 

Civil    Engineer   and    Surveyor,    Farmington.    Conn. 

WARD,  EDWARD  T Jan.  9.  1900 

Consulting  Engineer,  Santa  Barbara,  Cal. 

WARDWELL,   FREDERICK  S Feb.  9.  1904 

Civil   Engineer,   Stamford,    Conn. 

WASHBURN.  ALBERT   L Jan.  10,  1899 

City   Engineer's   Office,    Hartford,    Conn. 

WATSON,   WILLIAM  C Feb.   13,  1906 

Civil  Engineer,  West  Haven,  Conn. 

WEAVER.   HALSEY  A Jan.  12,  1897 

Civil  Engineer  N.  Y.,  N.  II.  &  H.  R.  R.,  Clinton,  Conn. 

WELTON,  NELSON  J .\pril,  1884 

Civil  and  Hydraulic  Engineer,  Watcrbury,  Conn. 

WHEELER.   CHAS.   A Jan.  8.  1901 

Prof,  of  Mathematics,  Conn.  Agricultural  College,  Storrs,  Conn. 

WHEELER,   FREDERICK  I Aug.  27,  1901 

U.  S.  Engineer's  Office,  New  London,  Conn. 

WHITE,  HOWARD  E Feb.  9,  1904 

New  Haven  Gas  Light  Co.,  New  Haven,  Conn. 

WHITNEY,    ELI    March  30,  1900 

President  New  Haven  Water  Co.,  New  Haven,   Conn. 

WHITOX,    FRANK    W Feb.   14.   1905 

Associate    Member,    Architect,    Ilartfor*!,    Conn. 

WIGGIX,    ERNEST    W March  30,   1900 

Second  Assistant  Bridge  Engineer,  N.  Y.,  X.  H.  &  H.  R.  R., 
Xew  Haven,  Conn. 

WILCOX.   RALPH   M Jan.  8,  1901 

City   Engineer,   Middletown,   Conn, 

WILKES,    J.    K April,  1884 

City   Engineer,    Xew   Rochelle,   New   York. 

WOLCOTT,    HENRY   A July  18.  1899 

Mechanical  and  Civil   Engineer,   Hartford,    Conn. 

WOOD,   CHAS.   N Aug.   14,   1900 

Civil   Engineer,   Nor  walk.   Conn. 

YOUNG.   GUILFORD   D Feb.  13.  1906 

Civil  Engineer,  West  Haven,  Conn. 


ALPHABETICAL  LIST  OF  ADVERTISERS 


Name  Business  Page 

Alpha  Portland  Cement  Co Cement .*. a 

Alsen  Portland  Cement  Co Cement 4 

.  American  Pipe  Manufacturing  Co.,  The Cast  Iron  Pipe  and  Contractors 3 

American  Sewer  Pipe  Co.,  The Vitri6ed  Sewer  Pipe 5 

Atlas  Portland  Cement  Co Cement 6 

Balf  Co.,  The  Edward Teaming  and  Contracting 31 

Berger,  C.  L.  &  Sons Engineering  Instruments 33 

Bernn  Construction  Co.,  The Steel  Structures (back  cover) 

Blakeslee,  C.  W.  &  Sons Contractors 4^ 

Brodie  Co.,  The  William  H ' Steel  Rolling  Doors,  etc 7 

Buffalo  Steam  Roller  Co Road  Rollers,  etc 8 

Connecticut  Trap  Rock  Quarries,  The Trap  Rock 32 

Consolidated  Rosendale  Cement  Co.,  The Rosendale  Cement (inside  front  cover) 

Contractors'  Supply  &  Equipment  Co..  The. . .  Concrete  Mixers 33 

Detroit  Graphite  Manufacturing  Co.,  The Paint  11 

Dixon  Crucible  Co.,  The  Joseph Paint  q 

Eastern  Expanded  Metal  Co.,  The Expanded  Metal 14 

East  Ohio  Sewer  Pipe  Co.,  The Vitrified  Sewer  Pipe 39 

Eddy,  George  M.  &  Co Tapes 13 

Edson  Manufacturing  Co  ,  The Pumps 12 

Engineering  News,  The Magazine 17 

Engineering  Record,  The Maiputine 27 

Grant,  C.  L Bormgs i^ 

Gurley,  W.  &  L.  E Engineering  Instruments. .  .(inside  back  cover) 

Harrington,  Robinson  &  Co Rails 10 

Hartford  Paving  &  Construction  Co.,  The Pavements  and  Concrete 15 

Hendricks  Co.,  S.  E Commercial  Register 16 

Hering,  Rudolf,  and  Fuller,  Geo.  W Hydraulic  and  Sanitary  Engineers 17 

Higgins,  Charles  M .  &  Co Drawing  Inks 72 

Kearns,  W.  F.  &  Co Concrete  Steel  and  Fireproofing 17 

Keenan,  D.  F Crushed  Stone 10 

Keuff el  &  Esser  Co Engineering  I  nstruments,  etc 34 

Kolesch  &  C'o Engineering  Instruments 32 

Lesley  &  Trinkle Giant  Portland  Cement "18 

Lines  Co.,  The  H.  Wales Sewer  Pipe,  Stone  and  Cement ao 

Lorain  Steel  Co.,  The Rails 24 

Ludlow  Valve  Manufacturing  Co.,  The Gate  Valves 23 

Lufkin  Rule  Co. ,  The Tapes  and  Rules  . 

■ ""              J  Concrete  Mixers _. 

Vitrified  Paving  Brick 25 

M iller  A utomatic  Siphon 41 

Poole  Engineering  &  Machine  Co.,  The Heavy  Machinery 26 

Rail  Joint  Co..  The Rail  Joints '. 27 

Russell  Contracting  Co (/ontraclors 28 

Scherzer  Rolling  Lift  Bridge  Co. ,  The Lift  Bridges 29 

Sessions  Foundry  Co.,  The Sewer  Castings^  etc 26 

Soltmann,  E.  G Drawing  Materials 32 

Stevens  Sons  Co.,  The  H Vitrified  Sewer  Pipe "33 

St.  Marys  Sewer  l*ipe  Co Vitrified  Sewer  Pipe 38 

Stoddard- Brown  Co..  The Engraving 22 

United  Building  Material  Co See  Lesley  &  Trinkle 18 

Tuttle,  Morehouse  &  Taylor  Co.,  The Printers  and  Publishers 42 

Warner-Miller  Co.,  The Cement,  Blue  Stone.  Sewer  Pipe,  etc 40 

Warren  Brothers  Co.,  The Bitulithic  Pavement 44 

Warren  Foundry  &  Machine  Co.,  The Cast  Iron  Pipe 31 

Watson  &  Jackson Cement.  Granite,  Blue  Stone,  etc 35 

Westinghouse  Traction  Brake  Co..  The Air  Brakes 36 

Wcstinghouse  Electric  Manufacturing  C<).,Tlie  Generators  and  Motors 37 

Whitehall  Portland  Cement  Co.,  The Cement 30 


Municipal  Engineering  &  Contracting  Co.,  The  Concrete  Mixers 21 

New  York  Brick  &  Paving  Co.,  The Vitrified  Paving  Brick 25 

Pacific  Flush  Tank  Co.,  The Miller  Automatic  Siphon 41 


CLASSIFIED   LIST  OF  ADVERTISERS 


BLUE  PRINTS. 

E.  G.  Soltmann   3^ 

Kcuffel  &  Esser  Co 34 

BORINGS. 

C.   L.   Grant   13 

BRAKES. 

Westinghouse   Traction   Brake   Co 36 

BRICK. 

New  York  Brick  8c  Paving  Co 25 

Wamcr-Millcr   Co 40 

BRIDGES. 

Berlin  Construction  Co (back  cover) 

Scherrcr  Rolling  Lift  Bridge  Co   29 

CAST  IRON  PIPE. 

American  Pipe  Manufacturing  Co 3 

H  Stevens  Son's  Co • 33 

Warren  Foundry  &  Machine  Co 31 

CEMENT. 

Atlas  Portland  Cement  Co 6 

Alpha  Portland  Cement  Co a 

AbMsn  Portland  Cement  Co 4 

Consolidated  Rosendale  Cement  Co (inside  front  cover) 

Whitehall  Portland  Cement  Co 30 

Watson  &  Jackson    35 

Warner-Miller    Co 40 

Lesley    &    Trinkle 18 

CONCRETE. 

Hartford  Paving  &  Construction  Co 15 

W.  F.  Kearns  &  Co 17 

Russell   Contracting  Co 28 

CONCRETE  MIXERS. 

Contractor's  Supply  &  Equipment  Co 33 

Municipal  Engineering  &  Contracting  Co 21 

CONTRACTORS. 

C.  W.  Blakeslee  &  Sons 41 . 

Russell  Contracting  Co 28 

American  Pipe  Manufacturing  Co 3 

Edward  Bait  Co 3x 

H.  Wales  Lines  Co 20 

Crushed   Stone   Connecticut   Trap    Rock   Quarries,    D.    F.    Keenan 19 

DR.\WING  MATERIALS. 

W.  &  L.  E.  Gurley (inside  back  cover) 

Keuffel   &   Esser    34 

E.    G.    Soltmann    32 

Charles  M  Higgins  &  Co 22 

ELECTRICAL  SUPPLIES. 

Westinghouse  Electrical  Manufacturing  Co 37 

ENGINEERS'  AND  SURVEYORS'  INSTRUMENTS. 

C.  L.  Berger  &  Sons 33 

George  M.  Eddy  &  Co 13 

W.  &  L.   E.  Gurley  (inside  back  cover) 

Keuffel  &  Esser  Co 34 

Kolesch  &  Co 32 

Luf kin  Rule  Co 22 

ENGINEERING  MAGAZINES. 

The  Engineering  News     17 

The  Engineering  Record     27 

ENGRAVING. 

The  Stoddard-Brown  Co 22 


EXPANDED  METAI^ 

Eastern  Expanded  Metal  Co 14 

Warner-Miller   Co 40 

FIRE  PROOFING. 

W.   F.   Kearns  &  Co 17 

FLUSH  TANKS. 

Pacifcc   Flush  Tank  Co 41 

M.\CIIINERV. 

Poole  Engineering  &  Machine  Co 26 

MOTORS. 

Westinghouse  Electric  Manufacturing  Co 37 

PAINT. 

1  >«rtroit  Graphite  Manufacturing  Co 11 

Joseph   Dixon   Crucible   Co 9 

PAVEMENTS. 

Hartford  Paving  &  Construction  Co 15 

Warren  Bros.   Co 4 j 

PRINTERS  AND  PLBLISHERS. 

The  Tuttle.  Morehouse  &  Taylor  Co 4:: 

S.   E.  Hendricks  Co '. 16 

PCMPS. 

Edst'n    Manufacturing   Co 12 

R.Ml.S  AND  RAIL  JOINTS. 

Harrington.   Robinson   &   Co 10 

Lorain   Steel   Co 24 

Rail    Joint    Co 27 

ROAD  ROLLERS. 

Buffalo  Steam  Roller  Co 8 

SANITARY  ENGINEERS. 

Rudolph  Hering  &  (..K'orge  W.  FulU-r 17 

SEWER  CASTINGS. 

Sessions    Foundry    Co 26 

SEWER  PIPES. 

American  Sewer  PijK.-  Co 5 

East  ( >hio  Sewer   PiiH*  Co J»9 

St.   Marys  Sewer   Pi|)e  Co 38 

H.   Steven's   Sons   Co 33 

H.    Wales   Lines   Co 20 

Warner-Miller-  Co 40 

STEEL  DOORS. 

William   11.    Brodie   Co 7 

STONK  iBIue&  (Iranite^ 

Watson  v\-  Jacks»>n   35 

Warner-Miller    Co 40 

11.    Wales    Line;.    Co 20 

TAPES. 

C  L.  Berger  I't  Sons :;:; 

( leorge    M.    Eddy   \   C'o 13 

W.  vS:    I..   K.   (iurley    i inside   hack  cover"* 

Ki-utlel    ^^    Esscr    1.  o 34 

Kolesch  &  Co 3-' 

L\itkin    Rule    C'o 22 

K.  ( I.   Soltnunn    32 

VALVES  AND  IIVDRAN  PS. 

Ludlow  \'alvc  Manufacturing  Co 23 


^T^HESE  Proceedings  reach   some   2500   engineers   and   con- 
tractors throughout  the  country.     No  like  publication  that 
we  know  of  provides  the   same  amount  of  advertising   for   so 
small  an  expenditure. 

For  rates  and  space,  address 

J.  FREDERICK  JACKSON, 

Secretary,  New  Haven,  Conn. 


DO  NOT  FORGET  OUR  ADVERTISERS 


THEY  ARE  ALL  FIRST  CLASS  AND  REUABLE 


PATRONIZE  THOSE  WHO  PATRONIZE  US 


Please  Mention  this  Publication  in  Addressing  Them 
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Alpha 
Portland  Cement 

THE    CEMENT   THAT 

MADE    AMERICAN 
PORTLAND     FAMOUS 

Alpha  Portland  Cement  Cc 

KEW  ENGLAND  DEPAIITKENT 

521  and  522  Board  of  Trade  Building 
BOSTON.    MASS. 

F.  N.   KINNEY,  Manager 

1 
». 

^ 

J 

Joseph  8.  Ksen,  Jb. 
President  and  General  Manager 

Georok  M.  Bumtimg 
Vice  President  and  Treasurer 


H.  Bayard  Hodge 
Secretary  and  Asst.  Treasurer 

Wm.  H.  Roth 
Assistant  Secretary 


The  American 
Pipe  Manufacturing  Company 


Engineers  and  Contractors  for  Water  Works 


No.  112  NORTH  BROAD  ST. 


PHILADELPHIA 


J.  W.  Ledoux,  M.  am.  80C.  C.  E. 
Chief  Engineer 


JAME8  H.  Dawes 
Supt.  of  Construction 


Harold  Perot  Keen 
Supt.  Operating  Dept. 


AMERICAN  AND  GERMAN 


THE  SIDEWALK  CEMENT 
pVERV  barrel  of  Alsen's  guaranteed  to  cx- 
^^  ceed  '*  Standard  Specifications/*  adopted  by 
A.  S.  C  E.,  A.  S.  T.  M,  A.  R.  E.,  eta  A  medium 
slow  set  cement  has  proven  in  practical  tests,  in 
all  countries,  most  durable  and  Safe. 

Forced  slren^iJ^lh,  like  forced  growth,  is  dan- 
gerous to  ultimate  results. 

We  supply  QUICK  SET.  however,  ta  special  order 
for  special  work, 

Alsen's  is  the  SAFEST  cement  manufactured, 
as  ANALYSES  prove. 

Every  barrel  passes  boiliog  test  before  shipped. 
Every  barrel  is  matured. 

The  Panama  Caial  award  by  isthmian  Com- 
mission, the  70,000  bbl  City  of  Rochester  contract, 
the  Key  West  extension,  and  many  works  of  nearly 
equal  importance,  without  a  single  rejection  under 
most  exhaustive  tests,  substantiate  every  assertion 

made  for  this  Portland  ''Cement  Insurance*" 


WRITE    FOR    PRICES 

TO 

American  Sewer  Pipe  Company 

PITTSBURG,    PA. 

Largest    Manufacturers    of    Sewer    Pipe    in    the 

World*  having   FACTORIES  located  in 

FIVE  STATES,  with  the  very 

best  Shipping  Facilities 


MANUFACTURERS   OF 


"STANDARD  AKRON" 

"OHIO  RIVER  VITRIFIED" 

"GRANITE" 

SEWER   PIPE 

Flue  Lining  Wall  Coping 

ABricuItural  Drain  Tile 

Fire  Clay        Fire  Brick        Paving  Brick 

Porter  Blocks 

and  all  Clay  Products 


We  make  a  specialty  of  2  7-in.,30-in,»33-in.,36-in„ 

Standard  and  Double  Strength  Pipe 
for  Water  Conduits  and  Culverts 


THE  KINNEAR  STEEL  ROLLING  DOORS 


AS  ADAPTED  TO  CAR  BARNS 


The  most  effective  door  for  this  purpose  on  the  market,  as  well  as  for 

Factory  Buildings,  Freight  Sheds,  Mills,  Power  Plants,  Round 

Houses,  Store  Fronts,  Stables,  Etc. 


IN  USE  BY 


Peimsylvania 
R.  R. 


Mtw  York  k 
Mew  Haven 


New  York 
Central 


Long  tsland 
R.  R. 


Erfa  R.  R. 

Lehigh  Valley 
R.  R. 


Central  of 
New  lersey 


Delaware  &,     ' 
lackawanna 


anil  others 


IN  USE  BY 

Manhattan 
Elevated 

Metropolitan 
Street  R.  R 

Brooklyn 
Heights  R,R, 

Interutian 
Street  R.  R, 


Hartford 
Street  R.  R< 

North  Jersey 
Str'tR.R.COi 


Mohawk 
Valley  R.  R. 


Fonda 
Johnstown  & 
Gloversville 


and  others! 


WRITE    FOR    CATALOGUE 

WILLIAM   H.   BRODIE    COMPANY 

45  Vcscy  Street  New  York  City 
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Buffalo  Steam  Roller  Company 


BUFFALO.  N.  Yj 

^^ritc  for  CMtMtogue 


Engineers,   Architects,    Manufacturers   m4  othen  intertstcd 
in  the  prwrvation  of  Iroo  or  Steel  Structures  fronts  Corrosion 


We  will  cheerfully  furnish  upon  application  an  illustrated 
Book,  Showing  Bridges  and  Buildings  on  which 

Superior  Graphite  Paint 

has  been  used 


Interesting  Tests  and  Refei^nces  are  also  jiven 

It  is  hoped  that  prospective  users  of  paint,  not  familiar  with 
this  product,  will  investigate  its  merits  before  purchasing- 
It  is  particulariy  adapted  to  withstand  severe  conditions. 

Immediate  Shipments  made  from  Local  Stock 

Used  on  many  bridges  and  buildings  in  Connecticut,  to 
which  we  would  be  glad  to  refer 


Detroit  Graphite  Manufacturing  Company 

F.  W.  DAVIS*  Jr.,   General  Sales  Agent 

141  Broadway,  New  York        111?  Tremont  BIdg.,  Boston,  Mass. 


II 


Edson  Diaphragm  Pumpi  are  used  all  over  the  world  for  raising 
LiTpe  {itiariiitiL-s  of  uMU-r  full  ot  gravel »  sewage,  eic,  by  hand -power. 

The  Trencli  Ptiniiis  are  in  use  by  fully  twenty-five  per  cent,  of 
the  railroads  and  waier  works  in  the  Uniieti  States,  and  by  a  large 
proportion  of  the  excavating  contractors.  This  is  an  open  discharge 
[mtnp,   made  in  tbret-  si/ts. 

Tht  Lill  and  Force  PntllpS,  also  made  in  three  sizes,  used  by 
prospectors  and  miners,  for  deep  trench  worlc,  odorless  excavating, 
pile  sinking,  and  for  forcing  cement  into  quicksands,  are  well 
worthy  of  your  consider.ifion. 

Edson  Pumps  are  portable  and  non^chokable,  pumping  anything 
li<qujd  enough  (o  tlow. 

Send   for  booklets  telling  what  ihcy  have  done  for  others. 


EDSON  MANUFACTURING  CO. 

250  Atlantic  Aveoiie  -  Baston,  Mass. 

ESTARLlSliED   i-^i 


GEORGE  M.  EDDY  ®  CO. 

^L  345  to  353  Classon  Avenue,  BrooKlyn,  N.  Y. 

P 

■CO 

■  LI] 


I  COTTON  TAPES 
LINEN  TAPES 
STEEL  TAPES 


Pioneers  of  the  Tape  Manufacturing  Business  in  America 

And  the  only  (imi  giving  its  whole  time  and  entire  attention  to  the 
manufacture  of  tape  measures 


Test  Borings— Exact  Samples 

CORE  DRILL  BORINGS     FOUNDATION  TESTS 

FOUNDATIONS  FDR  HEAVY  ENGiNEERINfi  STRUCTURES  INVESTIGATED 


Samples  of  alt  nialerials  penetrated  saved  for  record  and  inspec- 
tion. Samples  of  sand,  gravel,  qtiicksand,  clay,  hardpan,  etc., 
shown    in    same    condition    as    it    is    from    where    it    is    taken. 

CORE  SAMPLES  FROM  ROCK 


»mp1es  from  various  stnta  of  rock  encountered  for  investigating  the  naitire  and 
(fxtent  of  rock  in  new  f|u£irries,  intnes,  etc.     The  actual  stone 
is  brought  up  for  inspection. 

^Artesian  Welts,  Wind  Mills,  Pmnps,  Drilling  Machinery,  Well  Sap|ilies 
^m  Elevated  TanRs  for  SprinHltr  System  ef  Fire  Protection 

P  O  •    L.    aRAINT 

,5a  Belden  Sf.,  Hartford,  Conn.  U  Bfron  St,  Proyidence,  R.  L 
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E.tai>ii.ii«d  1S91      350,000  Names  and  Addrtsses      ^^^^  ^-^^  ' 

Issued  Anittialty  Over  15,000  Ckassificatioiis 

THE   FIFTEENTH   ANNUAL  EDITION   OF 

Hendricks'  Commercial  Register 

OF  THE  UNITED  STATES 


For  BUYERS  and  SELLERS 


Devoted  to  the  Archttecturalt  Electricalt  Engineeriiig,  Iron 

and  Steel,  Mechanical^  Railroad  and  Kindred 

industries  of  the  United  States 

This  Book  is  ihe  most  coraplcle  work  of  its  kind  ever  issued.  It  Includes  all 
Professions  and  Trades  interested  directly  or  indirectly  in  the  Mechanical,  Elec- 
trical. ArcbiiecturaK  Engineerings  Construction.  Railroad.  Iron,  SiceU  Machinery, 
Mill,  Mining;  and  kindred  trades. 

•In  the  lines  we  cover,  everj^  firm  appears  under  its  proper  classifications, 
regardless  of  patronage. 

It  is  invaluable  to  Ihe  Buyer  or  Seller,  ihc  Architect,  Engineer,  Contractor, 
Purchasing  Agent,  Manufacturer.  Mine,  Millman,  Quarrvman,  Machine  Shcp^ 
Boiler  Shop.  Rolling  Mill,  Foundry,  Railroad,  Electric  Power  and  Lighting, 
Plantation,  Ship  Builder,  Lumber  Manufacturer  or  Dealer,  Hardware  Dealer, 
Planing  Mill,  and  to  every  department  of  Municipal,  State  and  National  Govern* 
ment.  There  is  not  a  Material,  Specialty,  Apparatus,  or  any  kind  of  Machinery 
used  in  these  vast  industries  under  which  the  name  and  address  of  the  Manu- 
facturer does  not  appear  properly  classified.  In  fact,  the  work  gives  the  name 
and  address  of  the  manufacturers  of  everything  made  from  Iron.  Steel.  Brass, 
Bronie,  Aluminum.  Cla}-,  Stone.  Marble,  Graiiiie^  Slate,  Wood,  Fibre.  Asphalt, 
Asbestos,  etc*  In  short,  it  enumerates  every  Finished  Product  manufactured 
flom  Ihe  above-named  materials,  not  omitting  the  Professions  that  Specify,  the 
Dealer  who  handles,  the  Manufacturers  and  Contractors  who  are  consumers. 
This  gives  you  in  a  nutshell  the  contents  of  our  Directory.  It  is  bound  in  cloth, 
and  will  be  forwarded  to  any  part  of  the  countr>\  expressage  prepaid,  on  receipt  of 

PRICE»     S7.00 


S.  E.  HENDRICKS  COMPANY.  Publishers 

76  ELM,  CORKER  FRANKLIN  STREET.  NEW  TORE 

i6 


THE   "OLD   RELIABLE" 


PORTLAND  CEMENT 


JIIA7<IUFACrn.RED   BY 


The  American  Cement  Company 

Egypt,  Pennsylvania 


MORE    THAN    ONE    MILLION     BARRELS 
USED  ON  THE  RAPID  TRANSIT  SUBWAY 


APPROVED  AND  USED  BY  PROMINENT  ENOrNEERS 
ARCHITECTS  AMI  CONTRACTORS  IN  THE  MOST  IM- 
l»ORTA\T  WORK  R>R  THE  PAST  TWENTY -ONE  YEARS 


LESLEY  A   TRISKLE  CO. 

M4^6t0  Ptmm^hmpi^  BHg^.  Fit^cem^  mod  Ch^tmmt  Sts,,  PbiimdcJphia 

THE  UMTED  BVILDISG  MATERIAL  CO. 


VITRIFIED  SALT-GLAZED  SEWER  PIPE 


A  full  line  of  all  sizes  and    fittings  in  stock  (or  prompt  delivery 


BLUE  STONE 


ORAINITE 


Builders*  and  Contractors*  Material 


t  7  SUBS 


HAND  POWER 


Moai»CU.  YDS. 
PER  I10UR 


STEAM 


'IT      HA^      IVO      IINSIDES" 


tfATWNARY  K_^^^  *""  OASOLINE 

PORTABLE  ELECTRICITY 

THE  CHICAGO  IMPROVED  CUBE  CONCRETE  MIXER 

^Attj  form  ol  insije  mechanism  in  the  mixing  drum  h.is  the  fu fiction  of  a 
ti>%tvtot,  wbich  is  a  term  opposed  to  that  of  mixing.  It  is,  therefore^  ob%ious 
I&  m&irr  which  depends  on  any  form  of  separator,  such  as  paddles,  scoops, 
kfd  do  the  wurk»  cannot  be  a  mixer  in  the  truest  sense,  //  musf  he  dear  that 
str  vifA  ittitdt  mechamtm  has  a  tendency  to  prodtue  streaky  it^ncrttt.  The 
very  short  in  which  the  actual  mixing  is  done,  not  a  moment  should 
|«ay  device  having  a  tendency  to  separate  the  materials. 

netvn /art  that  mtxers  having  inside  tfladex  peckit  and  stfarate  the 
*/  41  ii  emttrs,  and  a^ain  in  turn  scoop  it  up  from  the  bottom,  and  require 
iDI  attention  to  dislodge  the  maienal  which  is  constantly  attaching  itself  to 
W  inside  mechanism,  not  only  causing  the  materia)  to  bail,  but  greaily  decreas- 
af  1^  life  of  the  machine,  as  these  accessories,  by  reason  of  their  resistance,  not 
Wljf  wear  out  rapidly  but  largely  increase  the  strain  on  the  gears,  frame,  etc, 
*  CVHE  MIXER,  ti*itk  ordinary  uje,  is  giiaranteed  net  t&  ci&g, 
^fi  ti  a  Undfncy  am^n^  ftll atncrrnt  manufacturing  mi.rers  ter  vit  with  each  other 
fitiHjf  iJU  if^tt  q/  timt  in  which  a  hatch  of  concrete  can  be  turned  out,  but  7tfithot4{ 
rd  ^f^mmhty  ^y  which  /<•  tpmpare  the  products  of  the  various  machinei  the  time 
ywitmni  m^hing^ 

7>  mn  uM^i4^ed  mind  it  must  he  evident  that  the  cuhe  principle  has  an  cidvan* 
ia^e  §Ter  any  other  type  in  the  time  r^i/ttired  for  mixing,  //uaitfy  ct*H/idered. 
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he  Ketr  York  Itrir.k  and  1* firing  Co^f 
Si/rficiij^e,  A » 1% 

Qentlemea:     The  fallowing  streets  or  portions  of  streets,   in   this 
Ittty,  have  been  paved  with  ** Syracuse**  Bricic: 

I  li  1892.  York  St.  (one  iide),  bet.  Cliapal  and  Elm  StB.t      633.3  sq.  yds.  ^ 

1m  1893.  Ashmun  St.,  bet.  Henry  and  Gregory  Sts.,        2,432 J  **  *' 

In  1894.  Chape]  St.,  at  and  near  State  St.,  947.6  '*  '' 

In  1900.  Grand  Av.,  bet.  the  Milt  and  Quinnipiac Rivers,  22,697.2  ''  '* 

In  I90a.  Commerce  St.,  bet.  Cong.  Av.  and  Whiting  St.,  2,708.5  **  ** 

li  }90l.  Chapel  St.,  bet.  Yoric  and  State  Sts.,  13,491.8  *'  " 

In  1901.  Congress  Av.,  bet.  George  and  Temple  Sts.,      4,206.0"  ** 

Im  190i.  Crown  St.,  bet.  State  and  Temple  Sts.,  3,567.8  ''  ** 

h  IBOL  Elm  St.,  bet.  State  and  York  Sts.,  12,377.2  '*  " 

In  1901.  George  St.,  bet.  State  and  Temple  Sts.,  5,66 1 .2  "  '' 

In  1901.  Temple  St.,  bet.  Elm  St.  and  Congress  Av.,      7,480.0  ''  ** 

In  1902.  QUve  St.,  bet.  State  and  Water  Sts.,  10,341 .0  ''  '' 


Total 


87,546,7 


»fa  I896»7  about  seven  mifes  of  ** Syracuse**  bricic  gutters  for  mac* 
^dim  and  asphalt  pavements  were  laid.  During  the  year  1902,  S4S,00Q 
** Syracuse**  brick  were  purchased  by  the  city  for  repairing  pavements 
not  originally  laid  with  "Syracuse**  brick.  None  of  tite  above'named 
tocMllties  has  been  repaired  excepting  where  the  pavement  was  torn  up 
for  a  specific  purpose.  The  above  total  area  represents  aifout  four 
miles  of  streets. 

Very  truty  yours, 

ffENRV  X  KELLOQQ, 


AMBimtaai  City  Baglafr, 

Ntw  Hav^m,  Caaa* 
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THE  CHARTER  OAK  SEWER  SYSTEM 
METHOD  OF  ASSESSMENT. 

By  Algernon  B.  Alderson. 

The  purpose  of  this  paper  is  to  show  how  the  assessment  was 
computed  in  accordance  with  the  law  under  which  the  Board 
of  Sewer  Commissioners  of  the  town  of  West  Hartford  were 
empowered  to  act,  and  further  with  due  regard  to  the  limita- 
tions of  area  as  defined  by  an  agreement  made  between  our 
commissioners  and  the  officials  of  the  city  of  Hartford. 

Vol.  XI,  Special  Laws  of  Connecticut,  page  138,  section  3, 
says:  "Said  commission  is  authorized  to  apportion  and  assess 
the  expense  of  laying  out,  constructing,  altering,  and  repairing 
such  sewers,  and  of  procuring  rights  of  way,  outlets,  and  priv- 
ileges therefor,  upon  the  lands  and  buildings  in  said  town  which 
shall,  in  their  judgment,  be  specially  benefited  thereby,  whether 
they  abut  on  the  sewers  or  not,  and  upon  the  owners  of  such 
land,  subject  to  the  right  of  appeal  as  hereinafter  provided; 
and  the  commission  shall  give  notice  of  the  assessment  so  made, 
by  publication  thereof  in  two  daily  newspapers  published  in 
Hartford,  within  one  month  after  the  assessment  is  made.   . 

Sec.  4.  Wherever  such  commission  shall  lay  out  or  cause  to 
be  laid  out  any  public  sewer  in  said  town,  in  whole  or  in  part, 
through  or  across  land  of  individuals  or  corporations,  not  used 
as  a  highway,  and  cannot  agree  with  the  owners  of  the  land  or 
persons  having  an  interest  therein,  as  to  the  damage  to  be 
paid  for  such  land  or  interest,  they  shall  by  themselves,  or  by  a 
committee  of  indifferent  persons  by  them  appointed,  appraise 
the  damage  to  such  land  caused  by  taking  the  right  of  way  for 
such  sewer,  and  shall  notify  the  owners  of  the  land  or  persons 
interested  therein  of  such  layout,  and  of  the  damages  allowed 
them  therefor  respectively.  If  the  owners  of  such  land  or  per- 
sons so  interested  shall  be  dissatisfied  with  the  appraisal  so 
made,  they  may.  within  ten  days  after  such  notice  is  given. 
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apply  to  one  of  the  judges  of  the  Superior  Court  for  the 
apprjintment  of  a  committee  to  reappraise  such  damages;  first 
giving  three  days'  notice  in  writing  to  said  commission  of  the 
time  and  place  of  making  such  application;  and  said  judge 
shall  appoint  three  judicious  and  indifferent  freeholders,  resi- 
dents of  Hartford  County  outside  of  the  limits  of  said  town, 
who  shall  be  sworn  to  faithfully  discharge  the  duties  of  their 
appointment,  and  who  shall  give  notice  in  writing  of  the  time 
when  they  will  view  the  premises  and  reassess  such  damages,  to 
the  owners  of  the  land  or  persons  interested  therein,  three  days 
before  the  time  when  they  will  view  the  premises  and  reassess 
such  damages  lo  said  parties:  and  at  the  time  named,  after 
having  heard  the  i)arties  interested,  they  shall  reappraise  and 
reassess  the  damages,  and  report  the  same  to  the  Town  Qerk  of 
said  Town  in  writing,  and  said  reappraisement  shall  be  final 
anrl  conclusive  Ix^tween  all  the  parties  interested." 

For  the  benefit  of  those  who  would  acquaint  themselves  more 
fully.  I  again  refer  them  to  \'ol.  XI.  as  I  have  quoted  only  that 
portion  r.f  the  law  which  relates  more  particularly  to  the  adjust- 
ment of  assessments. 

Let  it  l>e  clearly  unuersto^xl  that  the  town  treasury  of  West 
Hart  Ion!  d<x\s  not  pay  any  p<^>rtion  of  the  expense  incurred  in 
promniing  sewerage.  There  are  at  present  no  less  than  five 
separate  <ewer  districts,  each  of  which  must  bear  its  own  cost 
of  dovt'lopment. 

An  agreement  was  signed  by  officials  of  the  City  of  Hartford, 
and  the  Town  of  West  Hartford.  May  12,  1902.  for  an  outlet 
for  sewerage  only  from  Charter  Oak  district;  set  \'ol.  17,  p. 
141.   Town    Records. 

Sio.ocK)  was  paid  the  City  oi  Hartford  as  follows: 

Tor  connection  with  and  use  of   Prospect  Avenue 

sewer $6,000.00 

For  Use  an<l  maintenance  of  Intercepting  sewer 4,000.00 

The  plan  of  assessment  comprises  four  items  as  follows: 
Iteni  '  I  \  S8440.0S.  being  amount  after  deduction  is  made 
for  ^hare  in  c«>nstructi(Mi  cost  o\  Pn^spect  Aveime  sewer;  this 
amount  has  been  levied  on  the  total  assessable  area  in  the  dis- 
trict and  is  (lisiribiited  etjiially  among  all  property  holders 
according  to  their  preci«ie  area.     The  total  assessable  area  in 
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the  district  is  87  214/1000  acres.     Assessment  per  acre,  96 
7744/10,000  dollars. 

Item  (2)  $6486.55  represents  cost  of  tnink  sewers,  engin- 
eering, legal  expenses  and  interest  on  notes.  Trunk  sewers 
are  all  sewers  over  an^  above  eight  inches  in  diameter,  except- 
ing Prospect  Avenue  sewer  (built  by  the  City  of  Hartford), 
which  minimum  for  local  consideration  is  ten  inches  in  diameter. 
The  above  amount  ($6486.55)  has  been  levied  on  the  total  area 
in  the  district  in  the  same  manner  as  Item  ( i ) . 

Item  (3)  $6644.00  for  "local  sewers"  consists  of  the  cost  of 
an  eight-inch  pipe  and  appurtenances  equal  in  length  to  the  total 
length  of  the  system  built  by  the  town,  plus  the  cost  of  a  ten- 
inch  pipe  and  appurtenances  equal  in  length  to  the  Prospect 
Avenue  sewer,  this  being  the  cost  of  a  sewer  in  front  of  each 
individual  property  were  a  larger  size  not  required  on  account 
of  the  accumulation  of  sewage  from  other  properties.  This 
item  is  applied  directly  to  each  property  in  proportion  to  its 
front  footage,  if  a  sewer  has  been  actually  constructed.  Charge 
per  front  foot  for  local  sewers,  Item  (3),  .54833  cents. 

Item  (4)  House  connections,  consists  of  the  cost  of  six-inch 
house  connection  pipe  laid  to  curb  line  at  50  cents  per  foot  and 
is  charged  directly  to  the  property  to  be  served. 

Item  (1)  outlet  and  (2)  trunk  rights  have  been  assessed  on 
the  respective  property  owners  in  proportion  to  the  area  of 
their  holdings.  It  would  be  more  logical  in  a  sanitary  or  house 
drainage  system  such  as  this,  to  assess  at  a  given  rate  per  house 
lot.  but  the  undeveloped  condition  of  a  large  portion  of  the  dis- 
trict (which  should  nevertheless  pay  its  share  of  the  items 
chargeable  to  the  system  as  a  whole)  precluded  the  possibility 
of  such  form  of  assessment. 

It  may  appear  to  some  that  items  one  and  two  are  excessive 
when  applied  to  area  irrespective  of  its  location,  but  upon  exam- 
ination of  the  map  it  will  be  noted  that  all  property  is  closely 
related  to  rapid  transit,  and  may  be  developed  for  building 
purposes  within  a  reasonably  short  time. 

It  would  be  imposing  on  your  good  nature  to  relate  all  the 
circumstances  which  led  to  the  necessity  of  acquiring  an  outlet 
for  this  district.  It  is  sufficient,  however,  for  me  to  assure  you 
that  the  location  would  not  in  any  sense  permit  of  the  introduc- 
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tion  of  a  plant  for  the  treatment  and  disposal  of  sewage,  and 
therefore  made  it  imperative  for  the  Sewer  Commissioners  to 
secure  an  outlet  from  the  city. 

An  appeal  was  taken  from  the  assessment  items  one  and  two, 
and  the  testimony  of  the  plaintiff  brougljt  out  many  interesting 
claims  especially  considering  the  location  and  elevation  of  his 
property.  We  all  know  how  the  property  owner  feels  when  the 
subject  of  taxes  is  broached,  no  matter  in  what  form,  and  invar- 
iably he  deplores  the  position  in  which  he  is  placed,  until  some 
of  us  who  are  not  lordly  land  owners  offer  to  exchange  places 
with  him,  in  order  that  we  may  enjoy  the  privil^e  of  paying 
taxes.    It  is  then  that  he  realizes  more  fully  his  obligation. 

In  the  appeal  above  referred  to.  the  plaintiff  claimed  inability 
to  sewer  a  certain  pt:>rtion  of  lanrl  thai  was  depressed,  losing 
sight  of  the  fact  that  in  developing  any  property  a  somewhat 
uniform  grrade  must  be  adopted:  likewise  he  claimed  exemption 
for  probable  street  area,  established  street  areas  having  been 
deducted  in  arriving  at  sum  of  Item  {  i).  My  argument  was  to 
the  effect  that  it  was  an  injustice  to  levy  a  higher  imit  upon  the 
•>ther  owners,  when  there  was  no  definite  means  of  detennining 
l<.>cation  and  size  of  plaintiff's  streets.  Another  claim  made  was 
that  on  account  of  his  entering  the  interceptor  or  trunk  near 
its  outlet,  he  ought  to  have  a  reduction  on  Item  (2).  trunk 
rights,  being  unable  to  coniprehencl  the  factors  thai  contribute 
t'_»  the  design  and  capacity  i.»f  sewer  systems. 

You  will  be  interested  to  note  a  comparison  of  the  assessment 
as  levied  by  the  Town  when  compared  with  the  City's.  Take 
ioT  instance,  a  building  lot  on  the  west  side  of  Prospect  Avenue 
50  X  150:  the  several  items  were  as  follows: 

(Juliet $16.64 

Trunk  Rights   12.79 

8"  Local  Sewer 27.42 

M.  C.  6"  pipe 7.00 

$63.85  or 

Si. 277  per  front  foot. 

The  City  of  Hartford  assessed  on  the  east  side  of  Prospect 
Avenue  Si. 3073  per  front  foot. 

Again  all«  »w  nie  tn  state  that  in  my  opinion  too  much  import- 
ance cannot  be  attached  to  the  privilege,  or  rather  the  right,  I 
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might  say.  which  the  property  owners  acquire  to  sewer  their 
property  at  any  time.  While  it  is  tnie  that  an  assessment  cannot 
be  distributed  without  apparently  imposing  a  hardship  on  some, 
the  benefit  is  nevertheless  enjoyed  by  the  majority. 

Considering  the  Town  of  West  Hartford  topographically, 
and  its  important  relation  :o  the  City  of  Hartford  as  a  most 
desirable  residential  suburb,  it  is  extremely  difficult  to  consider 
at  all  the  installation  oi  sewage  purification  plants  within  its 
borders.  It  is  fair  to  assume  that  its  territory  is  tributary  to 
Hartford's  sewer  system,  atid  one  cannot  help  but  feel  that  a 
misf'irtuiie  happenevi  when  the  main  elevation  of  Hartford's 
sysler::  was  •ieten^iineil.  at  least  in  s*:>  far  as  West  Hartford  is 
conceme  I.  i  >r  :•'•  cmicct  the  center  district  uhe  outlet  for 
which  has  !>ccn  secured  •  long  minimum  grades  will  have  to  be 
:::aintainevi. 

In  c»:i:icIiision.  1  may  s:a:e  that  in  ilistributing  the  assessment 
IT  priviles^e  "f  outiOL  in  the  Park  Street  sewer  district.  West 
Hartford.  I  iisevl  the  same  metbil.  i.  e..  assessed  according  to 
area  n-  >  :i:a::er  where  Ivatexl  always  pp>videtd  that  it  was  tribu- 
tary .p.  the  l-asis  of  rcas  TiaVe  orrailes.  Xo  appeal  was  made 
fr-'iu  this  state :Tiont. 

i  h  pe  '^v.r  :T:e"iKr>  :r.ay  feel  incline- 1  t"  express  their  opinion 
::  t!:e  p'.a:-  r.^roi::  ccscri'xi.  as  I  fee!  that  perhaps  where  a  dis- 
iriot  is  v-jr\   larc^^  :r.  its  pr-  p  rt:  :!s.  the  .leterrtTination  oi  vari- 
es z  ::cs   iirttTiTVir  i"  va'.v.;.  fr-  :::  the  standp-'irit  ♦•f  future  devel- 
t>:::c:v..  :":i\  ;i:>t!>  ::evvSs:tatc  ::ie  applicativn  '.f  a  varying  unit 
t  a>scs>:::c::t.  i- -r  S.  th  privilcfCv  "t  •  iitlet  and  trunk  rights. 
It  is  tnu    that   in   *a>in.i:  bcf-^rt   yon  the  partictilars  oi  the 
r:et:v.yl  envy.ove^.t.  1  n:ay  i:iv!te  criticism.     This,  ii  merited.  I 
.ivvopt  with  0  >nv>  <nre.  ^x'tcving  that  engineers  rarely  are  all 
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DESCRIPTION    OF  CONCRETE  CURB    ON 
PARK  TERRACE,  HARTFORD,  CONN. 

By  Herbert  G.  Clark. 

During  the  suninier  of  njoC)  the  Hartford  Pavinj:^  and  Con- 
struction Company  constructed  about  5000  ft.  <.)f  concrete  curb 
on  Park  Terrace  for  the  city  of  Hartford. 

Park  Terrace  was  laid  out  as  a  boundary  road  around  Pope 
Park  in  a  serjes  of  curves  of  various  radii  from  100  U>  1500 
ft.  in  length,  the  profile  being  made  up  of  straight  grades  con- 
nected by  vertical  parabolic  curves. 

On  this  account,  the  laying  out  of  the  curb  required  five  or 
six  times  as  much  engineering  work  as  would  have  been  neces- 
sary on  the  straight  lines  and  grades  of  the  ordinary  street. 

The  curb  was  built  in  alternate  ten- foot  lengths,  the  inter- 
mediate spaces  being  filled  in  after  the  removal  of  the  forms 
from  the  completed  sections. 

In  order  to  i)lace  the  forms  in  correct  alignment  and  grade, 
stakes  were  set  at  10- foot  intervals  opposite  the  ends  <»f  each 
section  on  a  radial  offset  of  2.5  ft.  back  from  the  curb-line,  the 
tops  of  the  stakes  being  driven  to  the  required  grade. 

The  curves  were  first  run  out  in  chords  of  about  40  ft.,  and 
the  intermediate  10- foot  stations  were  located  by  measuring 
the  required  offsets  from  these  chords,  thus  diminishing  the 
irregidarities  in  alignment  due  to  the  transit  angles  and  to  "the 
man  behind  the  gun.*' 

The  fonns  were  made  of  1^"  plank  for  curves  of  over  300 
ft.  radius,  boards  from  j/<"  to  yl"  in  thickness  being  used  on 
curves  of  from  10  to  100  ft.  radius.  After  the  ends  of  the 
forms  were  securely  braced  at  the  correct  line  and  grade,  and 
the  Wainw right  rail  was  clamped  in  position,  the  fc^rms  were 
sprung  to  the  required  curvature  as  determined  by  the  middle 
ordinate  of  a  10- foot  chord  of  the  given  radius. 

On  all  curves  of  less  than  100  feet  radius,  the  rail  must  be 
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bent  at  the  rolUng-niill ;  on  longer  radii,  the  rail  can  be  sprung 
to  the  required  cunature. 

The  concrete  consisted  of  a  i — lyi  and  3  mixture  of  Port- 
land  cement,  sand  and  crushed  trap  rock,  the  latt^  being  one 
inch  or  less  in  size. 

The  upper  three  or  four  inches  of  the  curb  was  made  of 
I — i^ »  Portland  cement  mortar,  with  lampblack  added  to  give  a 
uniform  flagstone  color. 

The  top  of  the  curb  was  finished  by  troweling,  and.  after 
removing  the  forms,  the  back  and  front  of  the  curb  were  gfiven 
a  wash  of  cement  grout,  thoroughly  brushed  in  and  rubbed  in 
with  pieces  oi  burlap  sacking,  no  plastering  being  necessary- 
to  give  a  sm^ooth  surface. 

The  tinishe^l  work  presents  a  very  regular  and  uniform 
appearance,  and  we  hope  it  will  hold  its  position  much  more 
permanently  than  the  ordinary-  20-inch  granite  curbing  generally 
used. 
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SOME  ENGINEERING  FEATURES  OF  THE 

NORWICH  HOSPITAL  FOR  THE 

INSANE. 

By  C.  E.  Chandler. 

The  site  of  the  hospital  is  a  sandy  plateau  on  the  Tliames 
River  2^  miles  from  the  city  of  Norwich.  The  State  owns 
several  hundred  acres  of  land  varying  in  elevation  from  tide 
water  to  about  200  feet  above.  Through  this  land  runs  a  brook 
with  a  dramage  area  of  about  one  square  mile.  A  rectangle 
enclosing  present  and  proposed  buildings  contains  about  20  acres 
and  is  from  70  to  80  feet  above  tide  water.  The  area  of  roofs 
will  probably  be  about  23/2  acres  and  the  two  hollow  squares  to 
be  enclosed  by  the  buildings  have  an  area  of  about  14  acres. 

The  drainage  area  of  the  Thames  River  at  the  site  is  about 
1500  square  miles.  The  Worcester  and  New  London  branch  of 
the  X.  Y.,  X.  II.  &  II.  R.  R.  and  the  Xorwich  and  Westerly  trol- 
ley pass  through  the  land  of  the  State  on  either  side  of  the 
buildings. 

Skwkrs. 

The  main  sewer  discharges  directly  into  the  Thames  River, 
with  its  invert  at  one  foot  above  mean  tide,  enabling  the  sewer 
to  be  carried  to  the  face  of  a  wharf  when  built. 
'  The  sewers  beginning  at  the  outlet  consist  of  24-inch  cast  iron 
pil)e  on  a  one  per  cent,  grade,  12-inch  cast  iron  pipe  on  a  47  per 
cent,  grade  up  the  bluff,  24-inch  Akron  pipe  on  a  one  per 
cent,  grade,  followed  by  smaller  sizes  down  to  ten-inch  taking 
surface  water,  six-inch  taking  soil  pipes  or  two  roof  water 
pipes  and  five-inch  for  one  roof  water  pipe.  All  soil  pipes  are 
heavy  cast  iron,  protected  by  traps  and  fresh  air  inlets.  The 
24-inch  pipe  on  a  one  per  cent,  grade  gives  capacity  for  about 
3I/J  inches  of  run-off  per  hour  from  the  roofs,  which  are  slate 
and  rather  steep,  and  about  one  inch  per  hour  from  enclosed 
spaces,  where  subsoil  is  loose  sand. 
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\s  the  sewer  system  is  designed  and  built  in  accordance  with 
ordinary  practice,  perhaps  the  only  points  of  interest  are  the 
method  of  disposal  anrl  the  size  of  the  main  sewer. 

As  there  is  no  probability  of  there  being  any  buildings  near 
ihc  otillct  except  the  power  station,  and  the  drainage  area  of 
the  stream  is  so  large*  no  nuisance  or  barm  is  anticipated  from 
I  the  discharge  of  the  crude  sewage  directly  into  the  stream. 

As  to  the  sizes,  tlie  writer  believes  that  the  large  area  of 
roofs  and  enclosed  spaces,  taken  in  connection  with  the  possi- 
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lity  that  the  instituti*ni  will  eventually  become  much  larger 
than  is  now  anticipated,  fully  justifies  the  sizes  adopted. 

I  When  the  length  t)f  main  sewer  is  short  and  a  liberal  estimate 
does  not  call  for  a  diameter  of  more  than  ^4  inches,  the  saving 
liy  reducing  sizes  does  not  justify  the  risk. 


Water    Supply. 


Tile  first  appropriation  for  hospital  buildings  was  so  small 
that  a  temporary  water  supply  had  to  be  provided  for  the  first 
patients,  their  attendants  and  the  large  amount  of  construction 
work  going  on.     Water  in  the  only  well  on  the  plateau  stood 
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about  70  feet  below  the  general  level  of  the  ground,  and  it 
could  supply  but  a  trifling  amount  of  water. 

The  brook  heretofore  mentioned  was  in  a  ravine  about  40 
feet  deep  that  separated  the  plateau  from  the  high  rocky  land 
beyond.  Two  shallow  experimental  wells  were  dug  and  stoned 
near  the  brook  and  a  small  dam  across  the  brook  made  by  the 
contractors  enlarged. 

These  supplied  water  from  the  opening  of  the  hospital  in 
October,  1904,  to  December  6,  1905.  During  this  period  the 
number  of  patients  increased  to  129  with  33  employees.  The 
amount  of  water  used  was  a  little  less  than  100  gallons  daily 
per  patient.  Partly  as  an  experiment  and  partly  to  provide 
water  in  the  driest  of  the  season  of  1905,  in  case  the  shallow 
wells  and  brook  should  prove  insufficient,  a  six-inch  well  was 
drilled  140  feet  deep,  mostly  in  ledge. 

The  amount  of  water  obtainable  with  surface  pump  was  only 
about  hve  gallons  per  minute  and  a  deep  well  pump  was 
installed  with  which  about  25  gallons  per  minute  could  be 
obtained.  This  was  used  for  a  short  time  by  building 
contractors. 

For  these  temporary  supplies  no  elevated  storage  was  pro- 
vided except  two  500-gallon  tanks  in  the  attics  of  the  first 
wards.  These  tanks  hold  about  400  gallons  each  between  high 
and  low  water.  In  order  to  have  some  fire  service,  several  four- 
inch  stand  pipes  were  placed  in  the  wards  and  a  150-gallon 
electric  pump  was  located  near  the  shallow  wells  and  brook. 
The  pump  was  controlled  by  a  starter  in  the  temporary  power 
house. 

A  low  alarm  signal  notified  the  engineer  in  the  power  house 
that  tanks  located  about  350  feet  to  the  west  were  nearly  empty, 
upon  which  he  would  start  the  electric  pump  situated  500  feet 
to  the  east,  and  when  the  tanks  were  nearly  full,  about  five  min- 
utes later,  the  hi^h  alarm  bell  would  ring  and  the  engineer 
would  shut  off  the  current.  This  plan  worked  perfectly  for 
14  months  without  an  interruption  until  a  permanent  supply 
was  obtained. 

For  a  permanent  su])ply  two  reservoirs  were  planned,  one  on 
the  brook  heretofore  referred  to  and  one  on  the  high  ground. 
It  was  first  intended  to  locate  the  brook  reservoir  at  a  point 
outside  the  land  owned  by  the  State,  at  a  point  from  which  the 


water  could  flow  to  the  new  power  station  by  gravity  ayd  from 

which  it  should  be  raised  by  a  steam  pump. 
The  large  prices  asked  for  land  and  rig^hts  caused  a  change 

if!  plans,  and  a  reservoir  on  the  brorjk  containing  five  and  one 
I  half  million  gallons  was  built  on  land  owned  by  the  State.  All 
I  the  trees,  roots  and  soil  were  removed  from  the  reservoir  except 
;  a  small  amount  at  the  extreme  ut>per  end.     An  earthen  dam 

with  a  concrete  core  wall  and  roll  way  was  built.  There  was' no 
I  suitable  gravel  available,  but  plenty  of  sand,  an<l  stones  four 
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inches  to  sixteen  inches  in  length.  The  concrete  was  made  by 
j  filling  tight  fonns  with  thin  one  to  three  mortar  into  whidi  the 
(above  stones  were  thrown.  The  result  was  a  ver>'  tight  con- 
crete with  a  smooth  surface.  For  more  detailed  description  of 
jthis  kind  of  concrete  see  annual  report  of  the  Connecticut  Soci- 
Icty  of  Civil  Engineers,  1904.  For  the  gate  chamber  the  same 
IcDticretc  was  used  with  smaller  stones. 

The  core  wall  extends  down  to   hardpan  or  clay,  but  the 
[southerly  end   went  horizontally   well  into  clean   sharp  sand, 
which  sand  probably  extends  through  the  plateau  for  several 
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tbousanci  feet.  The  gate  chamber  rests  on  haxdpati.  It  has 
two  openings  controUed  by  ordiiian*  douMe  faced  gates  about 
five  feet  and  tcti  feet  below  full  pond. 

A  possible  innovation  was  the  substittitian  of  grooves  in  the 
coocrtle  in  place  of  iron  guides  for  the  screens.  These  cost 
nothing  to  speak  of.  as  they  were  fi>rmed  by  nailinjer  beveledj 
strips  la  the  tonns  and  putting  i"  ;*  rt-tn  f urcenxml  f*t  sii-me  me 
fr^lm  a  5crap  heap. 


IKMJJTAV  UOVrsm  ftBSBVOiS. 

The  coiKrete  roBway  b  left  oor  fool  ilown  with  groovrs  for 
iadlb  :he  common  desire  to  pot  on  fta^shJioards 

A  roMhray  nearly  the  whole  tei^^  of  the  reservoir  fattflt  at 
tfHBsc  expense  serred  three  porposi^:  a  ioad  to  faattl  asd  As- 
trihisfce  pipe  on :  an  apptixidi  to  the  dnn,  and  m  daanel  dhren- 
img  {rum  the  resenrotr  the  watershed  oi  the  mam  rood 
trolk>. 

A  warr\vw  s^le  h3I  load  on  a  fjwdk  caatonr  enabled  the  pipe 
i»  W  ^stribnted.  The  matenal  cxcmvaced  for  the  trench 
wMtwd  the  toad.  Tlie  filSng  of  the  Uencfa  from 
exavatol  ttom  the  bank  widened  the  mad  sta  more. 

The  other  leservoir  boUs  aboot  Tccvooo  giJfcos  and  At  over* 
A)w  ts  at  eletaboo  184.  or  mote  than  iod  feet  above  the  btm- 


ENGINEERING  FEATURES  OF  NORWICH  INSANE  HOSPITAL.      I5 


pital  grounds.  It  was  made  by  removing  all  the  soil,  mud  and 
vegetable  matter  from  a  natural  depression  having  the  hardest 
kind  of  a  clay  hardpan  bottom  and  building  a  small  earthen 
dam  witTi  concrete  core  at  the  natural  outlet.  Into  this  reser- 
voir were  led  several  small  springs  by  loose  drain  tile  and  the 
reservoir  had  a  drainage  area  of  about  i8  acres.  These  springs 
and  slight  watershed  supplied  the  hospital,  with  132  patients 
and  34  employees,  from  December  6,  1905,  to  May  21,  1906, 
including  water  used  by  builders.  During  the  sunmier  it  sup- 
plied a  portion  of  the  water  used. 

Whenever  this  upper  reservoir  becomes  less  than  two-thirds 
full,  the  previously  mentioned   150-gallon  pump  raises  water 
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from  the  lower  to  fill  the  upper  reservoir ;  thus  the  latter  acts 
l>3th  as  distributing  reservoir  and  as  a  source  of  supply. 

E.xcept  a  few  days  after  emptying  and  refilling  pipes  or 
reservoir,  the  water  has  had  none  of  the  tastes  or  odors  common 
to  that  from  new  reservoirs,  and  it  has  proved  especially  good 
for  boilers. 

On  a  part  of  the  upper  reservoir  site  about  two  feet  of  mud 
overlaid  clay  hardpan.  Around  the  edges  was  thin  ordinary  soil, 
then  yellow  loam  and  then  hardpan.  Nearly  half  the  area  was 
literally  paved  with  boulders  of  all  sizes.  We  expected  to 
remove  the  l(X)se  boulders  and  vegetable  matter,  supposing  that 
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the  fast  boulders  were  imbedded  in  hardpan.  Unfortunately, 
the  black  soil  and  muck  filled  with  roots  extended  entirely 
underneath  great  numbers  of  boulders  of  a  half  a  yard  or  more 
capacity,  requiring  their  removal  with  a  derrick.  How  the  black 
soil  got  under  the  boulders  the  writer  does  not  know. 

The  lo-inch  pipe,  which  is  both  inlet  and  outlet  of  the  reser- 
voir, has  an  ordinary  cast  iron  strainer  and  is  located  horizon- 
tally in  a  small  basin  in  the  bottom  of  the  reservoir.  The  sides 
of  the  small  basin  were  paved  with  stone  and  its  bottom  covered 
with  clean  fine  gravel  to  prevent  the  stirring  up  of  the  clay 
by  the  incoming  water.  The  strainer  was  flanged  and  con- 
nected with  the  bell  of  the  regular  pipe  by  a  short  piece  of 
cast  iron  pipe  with  a  flange  at  one  end  and  spigot  at  the  other. 

The  first  day's  pumping  made  the  water  about  three  feet 
deep  over  the  strainer  and  connecting  special,  and  the  first  night 
about  two  inches  of  nice  black  transparent  ice  formed.  The 
next  morning  a  perfect  picture  of  the  strainer  and  special 
appeared  in  white  on  the  black  ice  over  them.  The  effect  was 
very  striking,  positively  uncanny.  The  picture  included  every 
paving  stone  as  well  as  the  strainer  and  pipe.  The  curvature 
shading,  and  the  outlines  of  the  flanges  and  mouldings  on  the 
bell  were  perfect.  A  clue  to  the  cause  is  furnished  by  the  fact 
that  the  pump  had  lost  its  priming  and  pumped  air  for  some 
time.  That  this  air  should  rise  to  the  ice  and  eventually  turn 
it  white  is  plain  enough  to  every  boy  who  has  slid  or  skated 
on  ice,  but  why  did  the  air  attack  the  ice  in  such  a  way  as  to 
portray  every  feature  of  the  pipe  and  strainer? 

The  upper  reservoir  is  connected  with  the  lower  reservoir 
and  the  hospital  buildings  by  a  ten-inch  cast  iron  pipe.  This 
extends  to  the  new  power  house,  where  a  fire  pump  is  to  be 
installed.  Leading  back  from  the  power  house  is  an  eight-inch 
pipe,  with  which  all  fire  hydrants  and  stand  pipes  are  connected. 
A  cross-over  with  checkvalve  connects  the  ten-inch  and  eight- 
inch  pipes.  All  water  for  other  than  fire  purposes  comes  from 
the  ten-inch  pipe. 

With  this  arrangement  the  700,000  gallon  reservoir  with  a 
100- foot  head  stands  all  the  while  on  both  the  fire  pipes  and  the 
other  pipes. 

When  the  fire  pump  is  started  it  will  draw  from  the  ten-inch 
and  force  into  the  eight-inch,  thus  increasing  the  fire  pressure 
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ontnde  and  in^  die  conditficd  rtiicfcness  hdog  shoat  two  incti 
pot  on  in  fire  coats. 

The  {omidatioiis  are  oi  ccmcrele  p^rs  and  ccmcreie  gird 
There  are  no  f oandaikm  walls.    The  steel  columos  are 
hf  a  plastering  of  concrete  oo  wire  lath  but  are  not  tstibedded 
m  concrete. 

The  smoke  stack  is  circular,  six  feet  in  diaineter  in  the  clear. 
and  150  feet  hi|!:fa.    It  is  oocnpo^d  of  two  walls»  six  and  eight 
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inches  thick  nrspecttvely,  for  about  90  feet  in  height,  and  one 
\%aU  six  inches  thick  for  the  hafamce  of  the  he^jht. 

The  material  is  concrete  reinforced  with  steel  rods  that 
extend  into  a  concrete  foundation  10  feet  deep  and  18  feet 
squan%  in  which  are  imbedded  a  network  of  steirf  rails*  Tbej 
outer  wall  was  built  lirst  in  forms  and  the  umer  wall  was  bnttt 
later  of  hollow  cottcrete  bkxrks.  Reinforcing  rods  were  put 
in  the  hollow  spaces  in  the  Modes  and  grunted  in. 

The  stability  of  the  chtmne,^  is  not  dependent  on  its  weight, 
but  on  the  tensile  strength  of  the  rodsw  A  retaining  wall  sup- 
ports a  bank  ten  feet  high,  on  which  is  laid  the  spur  track 
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over  which  coal  and  other  supplies  come  in.  It  is  of  rein- 
forced concrete  one  foot  thick  and  lo  feet  above  finished  grade 
^»^d  3l>  feet  below  finished  grade*  It  has  a  footing  extending 
horizontally  tinder  the  bank  on  which  the  track  rests  five  feet. 
Triangtilar  buttresses*  ten  feet. apart  on  centers,  reinforced  by 
large  rods,  connect  the  footing  and  vertical  wall,  thus  making 


SUBWAY   IN    PROCESS  OP   ERECTlOl** 


'the  bank  hold  down  the  footing,  that  hulds  up  the  wall  which 
holds  up  the  bank  in  turn, 

The  boiler  room  contains  three  150  h.p.  boilers  with  room 
for  five  others.    The  pump  room  will  contain  a  fire  pump,  two 
[  boiler  feed  pumps  and  receivers,  and  cold  storage  machinery. 

The  engine  room  contains  a  50  kw.  electrical  unit  and  a 
hundred  kw.  electrical  unit  with  room  for  another. 
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Electricity  is  furnished  for  lighting  the  buildings  and 
g^rounds,  pumping  water  and  running  laundry  machinery. 
Steam  is  furnitihefl  for  heating  and  drying. 

Hot  water  is  furnished  for  use  throughout  all  the  buildings. 

Subways  amj  Curkiuohs. 

The  power  house  is  connected  w^ith  all  the  buildings  by  a 
subw^ay  eight  feet  square  so  that  supplies  uf  all  kinds  can  be 


SUBWAY   SHOWING    PIPES,   IN    t  [tLVERTS. 

taken  from  the  cars  on  the  spur  track*  lifted  by  ihe  elevator  and 
run  in  small  cars  to  the  basement  of  any  building.  The  subway 
is  built  of  reinforced  concrete  with  a  six-inch  bottom,  eight 
inch  walls  and  five  to  six-inch  roof.  Lender  the  subw^ays  are 
pipe  culverts  3^4  feet  wide  and  twenty  inches  deep  covered  with 
reinforced  concrete  slabs  2y2  inches  thick  and  22  inches  wide* 
The  absolute  necessity  of  using  the  best  of  material  and  labor 


such  slabs  anrl  putting  the  reinforcenient  in  the  right  place 
will  be  promptly  discovered  by  aii}  one  who  makes  such  slabs 
in  any  other  way. 

The  main  subway  has  iti  one  pipe  culvert  the  ten-inch  and 
eight-inch  cast  iron  pipes  heretofore  mentioned  and  in  the  other 
culvert  are  the  return  steam  pipes,  the  hot  water  supply  and 
return  pipes.     Overhead  are  the    12-inrh  low  pressure  steam 
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pipe,  a  four-inch  high  pressure  steam  pipe  and  cables  carrying 
electricity  for  Hght  and  power.  The  subway  is  well  lighted 
by  heavy  glass  plate  in  the  roof. 

Some  trouble  was  experiencc<l  in  leaks  around  the  glass 
platen,  and  it  was  obviated  by  removing  the  iron  frames  and 
imbedding  the  plates  in  mimwax.  Mimwax  was  also  used 
when  other  leaks  existed. 
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The  subway  proper  begins  at  the  top  of  the  bluflf  about  lOo 

I  feet  from  the  power  house  and  about  50  feet  above  the  power 

I  house  fioor.    The  subway  and  power  house  are  connected  by  a 

reinforced  concrete  bridge  with  same  interior  dimensions  as 

the  subway  supported  on  pairs  of  concrete  piers. 
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Buildings. 

ie  buildings  all  have  brick  walls  and   fireproof  concrete 

floors  and  partition  walls  and  either  slate  or  concrete  stairs. 

r     There  is  nothing  to  burn  in  w^alls,  floors  and  partitions  except 

doors,  window  sashes,  door  and  window  frames  and  in  rooms 

occupied  by  patients  a  wooden  floor  consisting  of  ^^-inch  hem- 

^  Icxk  and  %-inch  maple  nailed  to  screeds  imbedded  in  concrete. 

The  laundry  roof  is  of  concrete   while  other  roofs  are  of 

wood  and  slate.    The  oven  weighs  about  120  tons  and  is  sup* 

ported  on  concrete  columns  and  girders. 
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Xo  concrete-blocks  were  used  on  any  of  the  work  herein 
described  except  on  the  inner  chimne)'  wall. 

The  architects  are  Cudworth  &  Woodwortfa  of  Norwich, 
Conn.,  assisted  by  Mr.  R.  D.  Kimball  of  Boston,  Mass.,  on  the 
power,  lighting  and  heating.  C.  E.  Chandler  and  S.  B.  Pahner 
of  Norwich.  Conn.,  are  the  civil  engineers  and  ^brveyors. 
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The  MLnver<  nrs:  o.^nmicted  for  were  built  by  Peck  McWil- 
liarns  CxT:pa!-v  ^yi  X.^rvvioh.  The  water  works  and  later  sewers 
were  biii't  by  Archibald  T-^rrance  oi  Norwich  on  a  percentage 
ba>i>. 

The  c-^rTcre:t'  \x>wer  station  sr.i'^ke  stack,  bridge  and  a  part 
■n*  the  >i:b\\viy  was  bu:'.:  by  Si:rps^,m  Br.w.  Corpi>ration  of  Bos- 
t< .■»!!.  the  'au-v.l';.  a:vJ.  kitchen  and  a  part  of  the  subway  by  the 
r?rrin;i::t."»n  Buildtn'^;  CorT!pany  of  To rrin^on.  Conn.,  and  the 
tour  war  l>  :.\\-\  a  part  of  the  subway  by  A.  N.  Carpenter  of 
Norwich.  Conn. 
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TRANSVERSE  CONTOURS  FOR  ROADWAY 
PAVEMENTS. 

By  H.  H.  Gladding. 

Let  *■  represent  the  horizontal  distance  from  the  vertex  to  the 
lower  end  of  the  cur\-e. 

Let  d  represent  the  total  ditterence  in  elevation  between  the 
ends  of  the  desired  cur\-e. 

Let  nd  be  any  assumed  portion  of  d. 

Let  '  I  —  «  i<f  be  the  remaining  pc-rtion  oi  d. 

Let  X  and  v  be  tlie  coordinates  of  any  point  on  the  cun-e,  the 
origin  being  at  ihtr  vtrriex. 

The  broken  line  in  the  sketch  is  a  prcliniinar>-  cur\e  tangent 
to  the  horizontal  at  the  venex.  and  with  its  lower  end  at  a  dis- 
tance fid  below  said  h'-rizontal  line :    its  ordinates  will  be  found 

by  the  usual  parabolic  fr-nryala,  y  ^=z  '  .  fid. 

Supjv^se  this  curve  to  be  ri'iated  al>:'Ut  the  vertex  until  its 
I«  -wer  end  has  movcii  downward  through  the  remaining  portion 
«m"  d,  viz..  •!  —  »;ij:  the  additional  ordinates  caused  by  this 
rotation  will  be  in  direct  prvtv-ni .•:■  to  their  horizontal  distances 

V  * 

from  the  vertex,  ar.vi  w:!'.  be  expressed  by  '      \  i — nid. 

The  sum  of  these  two  partial  ordinates  will,  of  course,  give 
the  ordinates  oi  the  curve  in  its  nnal  position :   so  that  we  have 

for  the  general  equation,  y  =  \.    r.d —       i  i — «W,  from  which 

equation  the  tables  were  computed. 

The  advantages  of  this  tipped  dow:i  cune  are  an  increase  of 
initial  pilch  at  the  vertex,  and  a  'csser.ing  of  the  slope  at  the 
steepest  part  im"  the  ci:rvi'. 

The  amount  v^f  the  tv^ta!  orv/!:\'.tv^  r'  .^f  the  cur\-e  is  a  matter  for 
the  iudgmcTit  of  tb.e  cr.i:"i'-eer  in  cliarce.    j  =  .04/  will  probably 
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be  sufficient  for  roads  carefully  shaped  by  a  road  roller.  For 
very  smooth,  hand-laid  pavements,  d  =  .03/  would  seem  ample. 

Example  : — I  =15',  d  =  .04/,  =  0.6' ;  take  «  =  ^.  From 
the  table,  the  ordinates  at  J4>  /^  and  }i  of  the  distance  from 
the  vertex  to  the  gutter  will  be  Aid,  .^id  and  .6id;  or  in  feet, 
.066',  .186',  .366'. 

The  initial  pitch  at  the  vertex  is  the  amount  of  the  tip  down, 
(i — n)d,  divided  by  /,  and  in  the  above  example  amounts  to 
.01,  a  one  per  cent,  grade. 

The  middle  ordinate  betw^een  the  curve  and  its  subtending 
chord  is  equal  to  J/rf  minus  the  middle  ordinate  to  the  curve 
from  the  horizontal  line  through  the  vertex  as  taken  from  the 
table  in  terms  of  d ;  and  in  the  example  used  is  .5^  —  .31^=^ 
.19  X  .6' =  .114'. 
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COMPLETION   AND  OPERATION  OF  THE 

NEW  HAVEN  WATER  COMPANY'S 

FILTER   PLANT 

By  Chas.  A.  Ferry. 

Two  years  ago  I  presented  a  paper  to  this  Society  describing 
the  new  filtration  plant  of  the  New  Haven  Water  Company  at 
Whitneyville,  at  that  time  under  construction.  Since  that  time 
the  works  have  been  completed,  and  for  the  past  ten  months 
have  been  supplying  an  average  of  about  eight  and  one  half 
million  gallons  per  day  of  filtered  water  to  the  city  of  New 
Haven. 

Upon  the  completion  of  the  structure  preparations  were  made 
for  securing  the  sand  and  gravel  for  the  filtering  material.  The 
Water  Company  owned  extensive  beds  of  sand  and  gravel  about 
a  mile  and  a  half  from  the  plant,  which  a  mechanical  analysis 
showed  to  be  suitable  for  the  purpose. 

Plans  were  made,  and  the  necessary  machinery  secured  for 
washing  and  separating  the  materials  into  the  various  sizes 
required. 

We  soon  found,  however,  that  theory  and  practice  are  widely 
at  variance  where  sand  screening  and  washing  arc  concerned, 
and  we  were  obliged  to  do  considerable  experimenting  before 
our  apparatus  could  be  made  to  work  to  our  satisfaction. 

As  finally  constructed,  our  plant  consisted  of  a  hopper  into 
which  the  material  was  dumped  as  it  was  carted  from  the  bank. 
From  this  it  was  elevated  about  15  feet  by  a  chain  and  bucket 
elevator  and  dumped  into  the  screens.  These  consisted  of  three 
hexagonal  screens  arranged  concentrically  on  a  shaft,  varying 
in  length  from  7  feet  for  the  outer  to  13  ft.  10  in.  in  length  for 
the  inner  screen.  These  screens  were  held  in  position,  4  inches 
apart,  by  means  of  four  spiders  fastened  to  the  shaft  and  carry- 
ing, by  means  of  lock  nuts  on  the  arms  of  the  spiders,  2^" 
X  134"  strips  of  wood,  to  which  the  wire  netting  was  fastened. 
The  outer,  or  sand  screen,  was  of  Vio-i"ch ;   the  second  of  J4- 
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inch,  and  the  third  j4-inch  mesh.  Crushed  trap  rock  was  used 
for  the  two  coarser  layers  of  stone. 

The  screens  were  set  on  a  slope  of  one  in  eight.  The  mixed 
material  was  dumped  at  the  upper  end  and,  as  the  screens 
revolved,  the  material  gradually  worked  its  way  to  the  lower 
end,  except  the  sand  which  passed  through  its  screen,  where  it 
was  delivered  into  chutes  which  conveyed  it  to  separate  storage 
bins. 

Over  the  top  of  the  screens  was  placed  a  3-inch  water  pipe 
perforated  with  3^ -inch  holes  every  J/  inch,  which  delivered  a 
shower  of  water  onto  the  screens  and  converted  the  sand  into  a 
semi-fluid  condition  and  prevented  the  screens  from  clogging. 
To  successfully  screen  sand  by  machinery,  it  must  be  thoroughly 
dry,  or  else  mixed  with  a  sufficient  amoimt  of  water  to  make  it 
run  freely :  in  any  intermediate  condition  the  screens  will  choke 
up  and  no  sand  will  pass  through.  This  is  a  trick  which  we 
learned  only  after  considerable  experimenting. 

After  passing  through  the  screen  the  sand  was  received  into 
a  box,  where  it  received  its  first  washing.  It  was  expected  that 
one  washing  would  be  sufficient  to  remove  all  of  the  finer  mater- 
ial, but  we  found  that  it  was  practically  impossible  to  remove  all 
of  the  particles  below  the  Vioo-i^^ch  limit. 

The  sand,  instead  of  being  single  crystals,  was  largely  com- 
posed of  conglomerates,  exceedingly  fine  particles  cemented 
together  with  oxide  of  iron.  These  rough  particles  retained 
the  silt,  which  no  amount  of  washing  would  entirely  remove.  It 
is  probable,  however,  that  the  sand  as  delivered  to  the  beds  is 
actually  better  than  the  mechanical  analysis  would  show,  as  a 
certain  amount  of  fine  material  is  ])roduce(l  by  the  attrition  of 
the  sand  grains  against  one  another  and  against  the  wires  in 
passing  through  the  sieves.  It  was  found  that  by  passing  the 
sand  twice  through  the  sieves  the  amount  of  material  passing 
the  finest  sieve  was  about  doubled. 

From  the  receiving  box  the  sand  was  carried  by  a  ij'l-inch 
pipe  into  the  washing  machine,  which  consisted  of  a  box  12 
feet  long,  32  inches  wide  and  26  inches  deep  at  the  inlet,  and 
t;2  inches  deep  at  the  outlet  end.  On  the  bottom  of  the  box  was 
laicl,  its  entire  length,  three  lines  of  4-inch  pipe  connected  by  a 
5-inch  main  to  the  water  tank  located  on  top  of  the  sand  storage 
bins.     These  pipt-s  were  perforated  every  2j^   inches,  on  the 
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under  side,  with  ^-inch  holes  for  the  first  half  of  the  pipe  and 
>^-inch  holes  for  the  remainder.  The  sand  was  admitted  at 
the  shallow  end  of  the  box  and  moved  gradually  to  the  deeper 
end,  where  it  was  discharged  from  the  hopper ;  in  the  mean  time 
being  separated  from  the  finer  particles,  which  were  carried  by 
the  current  of  water  to  the  surface,  where  it  overflowed  into  a 
drain  which  carried  it  away. 

From  the  hopper  the  sand  was  raised  by  an  elevator  to  the 
storage  bin.  This  was  12  feet  long,  8  feet  wide  and  held  about 
25  cubic  yards.  It  was  raised  a  sufficient  height  above  the 
ground  to  permit  of  the  sand  being  delivered  by  chutes  into  the 
carts.  The  bottom  of  the  bin  was  made  water  tight,  on  a  slant 
of  one  in  six.  On  the  bottom  was  nailed  J/^-inch  square  battens 
on  which  were  tacked  a  layer  of  J4-i"ch  wire  netting  and  on 
this  another  course  of  J^-inch  mesh.  This  provided  free  drain- 
age for  the  sand  pile  and  quickly  removed  all  water  not  held 
by  capillary  attraction.  Along  the  lower  edge  of  the  bin  was 
suspended  a  trough  which  conducted  the  water  to  the  drain. 

A  direct  acting  pump  with  5-inch  suction  and  4-inch  dis- 
charge supplied  the  750-gallon  tank,  located  on  the  top  of  the 
bins,  with  water;  and  a  15  h.  p.  engine  furnished  power  for 
running  the  screens  and  elevators. 

Three  men  were  required  to  run  the  plant.  About  75  cubic 
yards  of  material  could  be  screened  and  washed  per  day,  and 
the  total  cost  of  putting  the  prepared  sand  and  gravel  into  the 
bins,  not  including  the  cost  of  the  plant,  was  about  thirty-seven 
cents  per  cubic  yard. 

The  sand  did  not  furnish  a  sufficient  amount  of  the  finest 
grade  of  gravel,  or  grits,  for  our  requirements  and  an  effort  was 
made  to  supply  the  deficiency  from  Long  Island,  but  the 
dealers  there  would  not  furnish  us  with  the  grits  unless  we  pur- 
chased sand  also,  and  as  the  Water  Company  were  very  anxious 
to  get  the  filters  into  working  order  as  soon  as  possible,  a  con- 
tract was  made  with  the  captain  of  a  steam  barge  to  furnish 
us  with  such  amount  of  sand  and  gravel  as  we  might  need. 

This  sand  was  brought  from  the  White  Star  Sand  Co.  of 
Xorthport,  L.  I.,  and  was  of  nuich  better  quality  than  that 
obtained  from  our  local  beds.  It  consisted  entirely  of  crystals. 
was  very  uniform  in  size,  was  remarkably  free  from  particles 
finer  than  V,oo-inch;  some  samples  having  none  whatever  and 
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scarcely  any  having  more  than  .2  per  cent.,  while  samples  of  the 
local  sand  which  tested  as  low  as  .5  per  cent,  were  rare,  although, 
as  previously  stated,  a  considerable  portion  of  this  was  probably 
caused  by  the  breaking  up  of  some  of  the  conglomerates  in 
passing  through  the  sieves.  Our  specifications  for  sand  were: 
Material  which  will  pass  a  screen  with  one  tenth  of  an  inch 
mesh  and  will  not  contain  more  than  one  half  of  one  per  cent, 
of  material  which  will  pass  a  screen  with  one  one-hundredth  of 
an  inch  mesh.  It  shall  have  an  effective  size  of  not  less  than 
twenty-five  one-hundredths  of  a  millimeter  nor  more  than 
thirty-five  onc-hundredths  of  a  millimeter;  and  shall  have  a 
coefficient  of  uniformity  of  not  more  than  two  and  one  half. 

The  first  sand  which  we  got  out,  and  the  first  shipments  from 
Long  Island,  were  nearly  alike  as  to  size  and  uniformity,  and 
it  was  put  together  indiscriminately  in  the  beds,  but,  subse- 
quently, the  local  sand  ran  finer  while  the  white  sand  ran 
coarser,  and  it  was  then  placed  in  separate  beds.  The  local  sand 
varied  from  about  0.24  to  0.27  millimeters  for  effective  size 
while  the  Long  Island  sand  ran  from  about  0.34  to  0.36  mm. 
Both  sands  appear  to  give  about  the  saqie  result  as  regards 
the  quality  of  the  effluent ;  but  the  fine  sand  beds  will  not  run 
quite  so  long  without  cleaning  as  those  filled  with  the  coarser 
material. 

The  depth  of  the  sand  in  the  different  beds  varies  from  2  ft. 
to  3  ft.  8  in.  in  order  to  secure  regular  rotation  of  the  beds; 
the  bed.  with  the  least  depth  being  left  idle  as  a  receptacle 
for  washed  sand  from  the  other  beds. 

The  water  is  maintained  at  a  constant  depth  on  the  beds  by 
means  of  a  balanced  float  valve,  placed  on  the  12-inch  inlet  pipe. 

Two  or  three  engineers  who  had  had  experience  with  valves 
of  this  type  gave  us  the  cheering  assurance  that  this  portion  of 
our  apparatus  would  give  us  more  trouble  than  all  of  the 
remainder  put  together,  and,  when  we  made  our  first  test  their 
doleful  prophecy  seemed  destined  to  be  fulfilled,  for,  when  the 
water  rose  to  within  about  two  inches  of  the  established  level, 
the  valve  began  to  pound  at  the  rate  of  a  blow  every  two  or 
three  seconds  with  a  force  which  threatened  to  break  every 
joint  in  the  pipe  line. 

These  valves  were  cone-shaped,  and  the  back  of  one  valve 
presenting  a  larger  surface  to  the  current  of  water  than  the 
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The  sand  is  shoveled  into  small  piles  with  a  broad,  flat,  iron 
shovel  and  is  then  wheeled  in  barrows  to  the  ejector,  which  is 
stationed  near  the  center  of  the  bed.  It  is  then  shoveled  into 
the  ejector  and  from  thence  is  carried  by  the  stream  of  water 
to  the  first  hopper  of  the  washing  machine ;  from  here  it  is 
carried,  in  the  same  manner,  to  the  second  hopper  and  from 
thence,  in  the  same  way,  to  the  sand  receiver ;  the  dirty  water 
overflowing  the  top  of  the  hoppers  into  the  collecting  troughs 
and  from  thence  passing  to  the  sewer. 
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The  sand  settles  to  the  bottom  of  the  receiver  and  the  water 
overflows  the  partition  and  discharges  into  the  sewer  through 
the  spiral  riveted  pipe  before  mentioned.  The  sand  receiver 
is  suspended  from  the  roof  of  the  filter,  the  roof  being 
strengthened  and  provided  with  eye  bolts  at  three  places  in 
each  bed  for  that  purpose. 

The  entire  work  of  moving  the  sand  from  the  time  it  is 
shoveled  into  the  ejector  in  one  bed  until  it  is  taken  from  the 
receiver  in  another  bed  is  done  by  water,  no  manual  labor  being 
required  except  that  one  man  is  employed  in  keeping  the  side 
collecting  troughs  of  the  washing  machine  free  from  sand, 
a  small  amount  of  which  is  carried  over  by  the  water. 

Ten  men  are  usually  employed  in  cleaning.  The  setting 
up  and  taking  down  of  the  apparatus,  the  cleaning  of  the  bed 
and  resurfacing  of  the  sand,  occupies  about  one  day  for  each 
bed. 

The  water  pressure,  at  present,  is  only  forty  pounds.  This 
is  only  about  one  half  the  pressure  used  in  other  filter  plants, 
and  is  too  low  for  the  rapid  handling  of  the  sand.  A  new  pump 
has  been  purchased  but  not  yet  installed,  which  will  increase 
the  pressure  to  one  hundred  pounds. 
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Daily  bacteriological  tests  are  made  of  the  water;  samples 
being  taken  of  the  applied  water,  of  the  effluent  from  each  bed, 
from  the  main  leading  to  the  clear  water  well  and  from  the 
main  leading  from  the  pump  to  the  reservoir. 

The  accompanying  table  sho>vs  the  average  weekly  results 
of  the  daily  tests  since  the  first  of  last  May.  No  B.  coli  have 
ever  been  found  in  any  of  the  samples  of  the  filtered  water 
although  they  are  frequently  found  in  the  applied  water. 

The  platinum  chloride  test  is  used  in  determining  the  color. 
The  average  turbidity  varies  from  o  to  lo  parts  per  million; 
practically  all  of  this  is  removed. 

A  curious  phenomenon  has  been  observed  in  connection  with 
the  loss  of  head  of  the  water  in  passing  through  the  sand,  which 
has  puzzled  us,  and  which  no  theory  yet  advanced  has  explained 
to  our  satisfaction.  When  the  beds  are  clean,  the  loss  of  head 
is  only  about  0.2  ft.  and  little  change  is  noted  for  two  or  three 
weeks ;  then  it  increases  at  a  gradually  accelerated  rate  until  the 
loss  is  about  5^^  ft.,  when  the  filter  stops  passing  water  and  the 
bed  has  to  be  cleaned. 

On  two  occasions,  when  the  loss  of  head  had  reached  about 
2^  ft.  the  loss  of  head  has  suddenly  dropped  back  to  0.2  ft. 
and  has  then  steadily  risen  to  the  53^2  ft.  limit. 

I  wish  here  to  acknowledge  my  indebtedness  to  Mr.  Walter  J. 
Connor,  bacteriologist  at  the  filter,  for  the  assistance  he  has 
rendered  in  the  preparation  of  this  paper. 
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SOME  TESTS  IN  SIGHTING  AT  LEVELING 
RODS  AND  STADIA   RODS* 

By  John  C.  Tracy. 

This  paper  gives  the  results  of  four  sets  of  tests  made  to 
determine  the  probable  errors  in  the  following  operations : 
(i)   Setting  a  target  on  a  leveling  rod. 

(2)  Reading  a  rod  directly  without  using  a  target. 

(3)  Measuring  horizontal  distances  with  the  stadia. 

(4)  Measuring  differences  in  elevation  by  the  stadia  and  ver- 
tical-angle method. 

The  object  in  each  case  was  to  determine  the  maximum  error 
likely  to  occur  in  ordinary  practice,  rather  than  to  ascertain 
the  highest  degree  of  precision  which  might  be  attained  in 
special  cases.  For  this  reason  conditions  for  the  tests  were 
chosen  which  were  more  unfavorable  than  those  that  prevail 
in  ordinary  practice.  Not  only  were  many  of  the  instruments 
and  rods  in  poor  condition,  but  the  work  was  assigned  to 
students  just  beginning  the  subject  of  surveying,  and  who 
were,  therefore,  much  less  skilful  than  the  average  surveyor. 

With  more  than  one  hundred  and  twenty-five  students  in  the 
field  at  one  time,  an  excellent  opportunity  was  afforded  to 
obtain  a  large  number  of  observations  from  which  to  calculate 
the  probable  errors  by  the  theory  of  least  squares.  Some  of  the 
results  given  are  based  upon  as  many  as  1200  independent 
measurements.  The  probable  error  of  a  single  observation 
determined  from  a  large  number  of  observations,  indicates  the 
precision  which  may  be  expected  in  any  single  observation  made 
under  the  same  conditions. 


*  In  a  book  on  survcyinp:  to  be  published  during  the  present  year  by 
John  Wiley  &  Sons,  there  are  several  chapters  dealing  with  the  errors 
which  occur  in  the  use  of  difTercnt  surveying  instruments.  In  the  prep- 
aration of  these  chapters  it  was  necessary  to  make  a  number  of  tests, 
among  which  were  those  described  in  this  paper. 


tests  in  sighting  at  leveling  rods  and  stadia  rods.    39 

Probable  Error  of  Setting  a  Level  Target. 

Conditions.  Three  levels  were  used.  Levels  No.  i  and  No.  2 
were  18"  wye-levels,  i}i"  objective,  and  magnifying  power  of 
aixmt  35  diameters.  Level  No.  3  was  a  15"  wye-level,  1%" 
•■>bject  glass,  and  magnifying  power  of  about  30  diameters. 
Each  of  the  three  level  rods  had  a  vernier  scale  on  the  target. 
Tlic  sun  was  shining  and  the  air  was  "boiling''  slightly. 

Method  of  Procedure.     At  each  level  was  a  party  of  eighteen 
students,  each  of  whom  had  used  the  level  just  long  enough 
to  become  accustomed  to  sighting.     The  rod  rested  on  a  solid 
siupp<>rt   100  ft.   from  the  level,  care  being  taken  to  hold  it 
plumb  while  each  student  in  turn  set  the  target.     In  order  that 
there  should  be  as  little  disturbance  of  the  level  as  possible 
it  was  set  up  with  two  leveling-scrcws  in  the  line  of  sight,  an 
umbrella  was  held  over  the  instrument,  and  an  instructor  kept 
The  bubble  in  the  center  of  its  tube.     In  this  way  the  discrep- 
ancies between  the  target  settings  by  different  students  were 
due  almost  wholly  to  errors  in  sighting.    To  eliminate  as  far  as 
possible  errors  in  reading,  an  instructor  read  the  rod  for  all 
>ettings.     The  tests  were  repeated  with  the  rod  at  200  ft.  and 
300  ft.  from  the  level.    Each  of  the  quantities  in  the  following 
table  is  the  probable  error  of  a  single  observation  calculated 
from  eighteen  observations. 


Instrument. 

Xo.    I... 


TABLE  I 

Length  of  Sights 

100 

200 

300 

0.00  n/) 

0.00  TvX) 

0.00370 

0.00147 

0.00229 

0.00327 

0.00130 

0.00157 

0.00213 

Cmcliisions.  The  results,  as  obtained  from  54  observations 
at  each  distance,  indicate  that  for  beginners,  at  least,  the 
'hances  arc  even  that  the  error  of  sighting  and  of  setting  the 
targi't  will  not  exceed,  say  0.002  ft.  for  a  loo-ft.  sight.  0.0023  ft. 
Kt  a  200-ft.  sight  and  0.0037  for  a  300-ft.  sight.  With  better 
:n>irunienls  and  more  experienced  observers  very  likely  the 
•rr..rs  would  be  less,  but  probably  the  results  are  not  far  from 
tho>c  obtained  in  ordinary  practice.  Incidentally,  the  effect  of 
'he  sun  shining  on  the  instrument  was  made  very  apparent  by 
liking  readings  after  the  umbrella  had  been  removed. 
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Probable  Errors  of  Re^\dtngs  Made  Without  a  Target. 

Conditions.  Readings  were  taken  by  more  than  one  hundred 
students  working  in  pairs,  but,  unfortunately,  no  precautions 
were  taken  to  protect  the  instruments.  A  larger  number  of 
levels  were  used,  some  of  which  were  decidedly  inferior  to 
those  described  above;  and  the  ''speaking"  rods  w-ere  of  vari- 
ous styles,  w-ith  graduations  more  or  less  dim  from  constant 
wear.  Each  quantit}'  in  the  tabic  is  the  probable  error  of  a 
single  observation  as  computed  from  more  than  lOO  observa- 
tions at  each  distance. 

"I  ABLE  ir. 

Length  of  Sight 50         100        150         200        250         300 

Probable  error   0.0024    0.0035    0.0038    0.0048    0.0062    0.0065 

Conclusions.  In  the  preceding  test  the  discrepancies  in  set- 
ting the  target  were  due  almost  wholly  to  errors  in  sighting, 
but  in  this  test,  since  no  precautions  were  taken  to  shade  the 
level  or  to  keep  the  bubble  in  the  center,  the  errors  were  due 
in  part  to  changes  in  the  instruments.  Hence  the  target  read- 
mgs  and  the  direct  readings  cannot  be  compared,  except  that  it 
is  evident  that  the  target  readings  are  but  slightly  more  accu- 
rate than  direct  readings,  even  though  taken  under  much  more 
favorable  conditii^ns.  The  speed  gained  in  the  use  of  a  self- 
reading  rod  is  obvious,  and  these  results  confirm  the  belief  that 
the  target  is  an  encumbrance,  rather  than  a  help,  in  a  large  part 
of  ordinary  leveling.  As  a  matter  of  fact,  a  self-reading  rod 
is  generally  used  in  ])recise  leveling,  where  a  result  reduced  from 
the  readings  obtained  from  three  horizontal  cross-hairs  is  prob- 
ably more  accurate  than  a  single  observation  upon  an  ordinary 
target. 

In  ordinary  leveling  the  errors  made  in  estimating  fractional 
parts  when  a  .self-reading  rod  is  used  are  compensating,  so  that 
in  rumiing  a  line  of  levels  the  results  would  be  even  more 
accurate  than  the  table  would  indicate. 

rKOr.ADLK      P-RROKS      OF      IIoRI/OXTAL      MEASUREMENTS      MaDE 

With    the    St.\dl\. 

Ctfudifions.  Five  transits  were  used  of  several  different 
makes:    magnifying  p(.)wer  of  telescopes  from  20  to  24  diam- 
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tiers;  adjustable  stadia  wires;  constant  correction  about  i.i  ft. 
Stadia  rods  K  and  E  No.  6284. 

Method  of  Procedure.     Five  stakes  for  each  transit  were 
driven,  approximately  in  line,  on  level  ground  and  at  distances 
of  about  100  ft.  apart.     These  distances  were  not  measured 
with  a  tape  until  after  all  the  stadia  readings  had  been  taken. 
Each  transit  was  set  up  over  the  first  stake  in  its  row  and 
approximately  50  students  read  the  stadia  distance  from  each 
transit  to  each  of  the  four  stakes  in  the  corresponding  row. 
The  distances  to  the  first  stakes  varied  from  90  to  125  ft.;   to 
the  second  stakes  from  185  to  210  ft.,  and  so  on  up  to  a  little 
more  than  400  ft.  for  the  last  stake  in  each  row.    With  ordinary 
instruments  the  accuracy  of  the  stadia  reading  decreases  rap- 
idly for  distances  greater  than  400  ft.,  and  hence  tests  were 
not  carried  beyond  that  point.    None  of  the  students  who  took 
the  readings  had  had  experience  in  the  use  of  the  stadia,  in 
fact  most  of  them  had  never  sighted  at  a  stadia  rod  until  a 
few  minutes  before  the  tests  were  begun.     The  result^  indi- 
cated that  in  a  number  of  cases  the  student  forgot  to  add  the 
constant  correction  of  one  foot,  but  such  results  were  allowed 
to  stand  and  only  an  occasional  blunder  of  an  even  10  ft.  was 
throw^n  out.     Each  of  the  quantities  in  the  following  table  is 
a   probable  error  of  a  single  observation  as   found  by  least 
squares  from  approximately  forty  to  fifty  readings  by  different 
students.      Thus    the    table    represents    about    1000    different 
readings. 

TABLE  in. 
Probable  Err(jrs  of  a  Single  Observation'. 
Distances  90-125         185-210        285-300        415-435 

Transit  No.   i '         0.28  0.46  0.94  1.07 

"     1 0.51  074  077  0.96 

*'     2 0.55  1.19  0.95  0.83 

"     2 0.76  0.87  0.90  1.22 

"     3 0.40  0.63  071  079 

**     3 0.25  0.46  0.55  078 

•'     4 0.39  0.90  0.64  0.96 

"     4 0.92  0.32  1. 18  0.62 

"     5 0.69  0.58  0.82  0.97 

"     5 0.51  1.07  0.84  1.08 

Mean   0.51  0.72  0.83  0.93 

Minimum    0.25  0.32  0.55  0.62 

Maximum    0.92  1.19  1.18  1.22 
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Conclusions.  The  results  show  that,  so  far  as  sighting  is 
concerned,  the  chances  are  even  that  the  maximum  error  which 
will  occur  in  reading  distances  by  the  stadia  method  will  not 
greatly  exceed  one  foot  up  to  distances  of  400  ft.  The  mean  of 
the  probable  errors  0.5,  0.7,  0.8  and  0.9  ft.  for  100,  200,  300  and 
400  ft.,  respectively,  represent  more  nearly  what  may  be 
expected  in  practice.  These  results  do  not  indicate,  however, 
the  discrepancies  to  be  expected  between  tape  measurements 
and  stadia  measurements,  since  such  discrepancies  will  involve 
constant  errors,  which  are  not  involved  in  the  mere  act  of  read- 
ing the  rod,  such,  for  example,  as  errors  in  the  wire  interval  and 
errors  in  rod  graduations.  In  order,  therefore,  to  determine 
what  the  discrepancies  really  were,  each  of  the  distances  was 
measured  with  a  tape.  Each  quantity  in  the  following  table  is 
the  mean  of  approximately  50  discrepancies,  i.  e..  the  readings 
of  approximately  50  students  at  each  transit  and  for  each  dis- 
tance were  compared  with  the  tape  measurement  for  that 
distance  and  the  mean  of  the  50  discrepancies  entered  in  the 
table. 

TABLE  IV. 
Mean  Discrepancies  between  Stadia  and  Tape  Measurements. 

Distance                         90-125  185-210  285-300  415-435 

Transit  No.   i 0.58  0.66  1.37  1.77 

"          "     2 0.65  1.30  1.09  T.30 

"     3 0.57  0.65  0.73  1.87 

"     4 0.4 1  0.63  0.93  0.99 

"          "     5 0.70  1.50  1.60  2.40 

Mean   0.59  0.95  1.14  1.66 

Minimum    0.44  0.63  0.73  0.99 

Maximum    0.70  1.50  1.60  2.40 

It  is  evident  from  the  table  that  transit  No.  5  gave  much 
poorer  results  than  the  other  transits.  This  inferiority  is  not 
so  evident  in  Table  III  and  is  therefore  probably  due  in  large 
measure  to  poor  adjustment  of  the  stadia  wires.  Allowing  the 
results  to  stand  as  they  are,  it  would  appear  that  the  average 
discrepancy  between  horizontal  measurements  as  found  with 
the  stadia  and  with  the  tape  are  about  0.6,  0.9,  i.i  and  1.7  ft. 
for  100,  200,  300  and  400  ft.,  respectively.  Of  the  five  transits 
No.  s  was  by  far  the  poorest.     It  had  been  in  use  more  than 
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twenty  years,  and  though  the  stadia  wires  were  adjusted  before 
the  tests  were  made,  it  is  probable  that  the ,  wire  interval 
was  incorrectly  taken.  The  maximum  discrepancies  as  indi- 
cated in  the  lower  row  are,  therefore,  larger  than  those  which 
would  occur  in  ordinary  practice.  It  should  be  kept  in  mind 
also  that  all  the  quantities  in  the  table  represent  results  obtained 
under  most  unfavorable  conditions. 


Probable  Errors  of  Vertical  Measurements  Made  With 

THE  Stadia. 

From  Table  III  0.5,  0.7,  0.8  and  0.9  are  the  mean  of  the 
probable  errors  in  sighting  at  distances  of  100,  200,  300  and 
400  ft.,  respectively.  Taking  these  quantities  as  a  basis  and 
assuming  that  the  error  in  the  vertical  angle  will  not  exceed  a 
minute,  the  error  in  differences  of  elevation  may  be  computed 
from  the  usual  stadia  reduction  formula.  In  the  same  way, 
taking  the  maximum  values  from  Table  III  as  0.9,  1.2,  1.2 
and  1.2,  respectively,  the  maximum  probable  errors  may  be  com- 
puted in  the  same  way.  These  values  are  given  in  Table  V  for 
angles  of  3°,  5°,  10",  15°  and  25°,  the  latter  angle  being  as  large 
as  is  likely  to  occur  in  parctice. 

TABLE  V. 

Errors  in  Elevation  for  an  Error  of  One  Minute,  Based  on  the 
Probable  Errors  in  Table  IIL 


Vert.  Angle. 


C  xoo 

I  200 

^  300 

(5  400 


Max. 

0.07 
O.II 
0.14 
0.16 


Min. 
0.05 
0.09 
0.12 
0.15 


hUx. 
O.II 
0.16 
0.19 
0.22 


Min^  j 
0.07  I 
0.12  I 
0.16 


Max^ 
0.18 
0.27 
0.30 


0.20  I  0.33 


0.12 
0.18 
0.23 
0.27 


15 
Max.     Min. 


25 
Max.    Min. 


0.25 

0.35 
0.38 
0.40 


0.15 
0.23 
0.28 
0.33 


0.36 
050 
0.52 

0/54 


0.21 
0.31 
0.37 
0.42 


The  above  table  is  based  on  the  error  of  sighting  only.  The 
mean  values  in  Table  IV,  however,  are  less  than  the  maximum 
values  in  Table  III,  except  for  400  ft.,  so  that  the  results  in 
Table  V  indicate  approximately  what  may  be  expected  in  ordin- 
ary practice,  provided  the  error  in  the  vertical  angle  does  not 
exceed  one  minute.  Thus  for  example,  the  error  in  elevation 
should  ordinarily  not  exceed  0.4  ft.  for  angles  up  to  15°  and 
sights  up  to  400  ft.  If,  however,  the  transit  is  as  unreliable  as 
No.  5,  which  gave  an  error  of  2.4  ft.  in  a  horizontal  distance 


j 
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of  4(K)  ft.  (sec  Table  IV),  the  resulting  error  for  one  minute 
error  in  a  15°  vertical  angle  would  be  about  0.7  ft.  for  a  400-ft. 
sight.  The  error  in  the  vertical  angle  is  affected  not  only  by 
the  reading  of  the  vertical  arc,  but  also  by  the  adjustments  of 
the  level  tube  and  the  sensitiveness  of  the  bubble.  Hence,  it 
may  easily  exceed  one  minute.  If,  however,  it  is  as  large  as  5 
minutes,  the  error  in  elevation  as  obtained  by  Transit  No.  5 
would  not  exceed  i.i  ft.  in  a  400-ft.  sight. 

As  a  test  of  the  actual  discrepancies  due  to  all  sources  of  ■ 
error  five  transits  were  set  up  and  the  elevation  obtained  by 
Madia  and  vertical  angle  of  three  points  at  distances  of  about 
i(K\  j(K)  and  150  ft.,  respectively,  and  at  vertical  angles  of 
about  5  \  10"  and  i^"^,  respectively.  Independent  readings  were 
taken  by  from  jo  to  30  students  at  each  transit,  and  the  maxi- 
mum discrepancy  between  the  elevation  of  each  point  as  found 
by  the  stadia  and  as  found  by  spirit  leveling  is  shown  in  the 
following  table. 

TAllLl-:  VI. 

M.WINUM     I)lSi.KKl'A\(lKS    ];i  TWEKX    El-FAATIOXS    FoUXl)    BV    THE    StADIA 

Mkiiidh  and  1-j.rvATinNs  Inu'xn  FY  Spirit  Lfa'elixc. 

Aimlc:=^  .  Anglc=fy.  Ani;le=i6'^. 

Distance— I. VI  ft     l)iMancc=.x>ft.     DisUnct'=i5o  ft. 

1  r;iil<il     No.     I 0.48  0.81  0.77 

J 0.3)  o.6g  0.49 

'•      .? o.-V  0.73  0.73 

4 0.31J  0.3J  0.86 

"      5 0.32  0.85  1. 13 

\li\iii   of   Maxiiiiuin.  .    .  0.34  o.<.^  O.80 

The  iiu'erioriiv  of  transit  Xi>.  5  is  again  apparent.  Since 
each  value  given  is  a  /.wj.r ;";;;/.';/;  discrepancy,  all  the  values  are 
v:reailv  in  excess  oi  the  yi:vi\i^c  iliscrei>ancies  likely  to  occur 
in  pracnv\'.  \s  a  mailer  oi  fact  the  greater  number  of  dis- 
crepancir>  \\v.re  more  nearly  lik«.-  ih'*se  in  Table  \',  and  in  many 
ca-^es  were  much  less.  The  values  in  Table  \T.  however, 
>ho\\  in:;  ilie  <tadia  uH'.h*^!  in  i\w  worst  ])ossible  light,  indicate 
the  vahu-  of  I  he  n^cih.»v!.  especially  iit  such  work  as  taking 
c^Miiuir  v;e\.u:-Mj>  uy  i. 'Pi\o:ai*h'.c  M:rv<.'>ing.  where,  of  course, 
1;  i<  :ui's:  uscvL 
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The  object  of  the  tests  described  in  this  paper  was  to  deter- 
mine the  maximum  errors  of  single  observations  imder  unfavor- 
able conditions.  When  a  number  of  observations  are  combined 
as,  for  example,  in  running  from  station  to  station,  errors  arc 
largely  compensating  and  the  total  error  is  correspondingly 
small.  Many  examples  of  extremely  accurate  work  in  stadia 
surveying  have  been  recorded.  Thus,  for  instance,  in  the 
Engineering  Nezcs,  June  28,  1900,  very  complete  comparisons 
of  stadia  and  tape  measurements  are  given  where  the  degree 
of  precision  varies  from  1-1660  to  1-2500.  Discrepancies  in 
elevations  between  stadia  and  spirit  leveling,  taken  at  random 
from  the  many  results  given,  are  0.04  ft.  for  a  line  2000  ft.  long, 
and  0.49  ft.  for  a  line  29,586  ft.  long.  It  is  to  be  noted,  how- 
ever, that  in  this  survey  (Oswego  Mohawk  Ship  Canal  Route) 
the  ground  covered  was  favorable  for  leveling  operations. 

Professor  Smith  of  the  University  of  Wisconsin  in  a  series 
of  tests  to  determine  the  effect  of  "differential  refraction,''  (see 
Engineering  Neics,  June  6,  1895,)  secured  some  interesting 
results  which  indicate  how  the  degree  of  precision  can  be  greatly 
increased  in  stadia  surveying  by  taking  certain  precautions  in 
detennining  the  stadia  interval.  The  stadia  tests  described  in 
this  paper  were  made  in  order  to  determine  what  degree  of 
precision  may  be  expected  at  the  other  extreme,  when  no 
unusual  precautions  are  taken,  when  the  instruments  are  not 
of  the  best,  and  when  the  observers  are  not  expert  in  the  use 
of  the  stadia  method. 
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THE    HIGHWAY    BRIDGES  OF  THE    NEW 
HAVEN  IMPROVEMENTS. 

By  C.  L.  S locum. 

The  city  of  Xew  Haven  has  been  aptly  described  as  the 
thr«>ai  oi  the  Xew  Haven  Railroad  System,  for  it  is  here 
throug-h  "The  Cm."  or  depression  throujjh  which  the  railroad 
parses,  that  •rattic  converges  for  western  points  or  diverges 
by  various  routes  for  the  east.  In  times  past  this  badly  con- 
gesteti  throat  has  been  subject  t.-*  inundations,  especially  in 
times  oi  h.ii::h  water  and  heavy  rains,  being  in  close  proximity 
to  the  harbor  fr-.^nt,  and  in  elevation  a  little  above  high  water 
level  in  the  Sound,  and  below  the  water  table  of  the  surround- 
ing: part5. 

Some  thirteen  or  fourteen  of  the  city's  streets  pass  over 
this  depression  with  steep  approach  grades :  ten  of  these  bridges 
only  allowed,  under  the  old  arrangement,  fn^m  14' 2"  to  14' 6" 
Clear  hea«!r'>MVi  for  trair.s.  ri^e  old  bri-Jges  barely  cleared  the 
usv.a:  rM\  oi  oars  '>y  a  few  iv.ches  and  frequently  larger  cars  had 
to  be  sen:  arov.tu:  by  tt:  lir^c:  roi::es  t>  reach  their  destination. 

The  westerly  :H>rv:on  of  "The  Cu:'*  in^provement  is  in  the 
i:eighl\^rlKHHl  *.'i  tl*.e  wiio'esa'e  district  of  the  city,  where  heavy 
tri:ck:t\i:  and  cv^r.i^ested  street  traftic  are  m-.^st  freijuent.  conse- 
quently as  to  wliethv:r  the  gravies  of  tlie  bridge  crossings  were 
more  v^r  less  was  ratl\er  a  live  a!i  1  pertirietrL  question  with  the 
commercial  ir.torosts  o:  t>.o  city.  In  the  new  construction  the 
gravies  ::.ivo  V<.\r.  avl'v.stcv'.  :.»  easier  !HTce:t:ages. 

\\"i:^.  tVe  r.ii's  !rcv;v..:t:ly  Ixlow  water  :md  the  raised  bridges 
liii^vleriiig  a:ul  i:t:!\irr;-.>>i::c  heavy  street  traftic  at  all  times 
av.kl  c<ivci.Llly  .Iv.r!:-^;  tr.o  wi-.t.r,  wltat  could  be  evolved  for 
a  :tew  :*.ii:l:w.:y  Vri.i^v^  tl:.-.:  v.  .i:!;.  :::.^re  readily  facilitate  high- 
\\ :-.  >  :  r  .1  tV*.  c ,  w  i :  1 :  ca  sic-  i:  :■  .•  .1 .  s .  .■."..:  at  1 1 :  e  s  ame  time  allow  rail  - 
iwivl  :r.i!>ic  t:v  Ic-:'..-:::  .■:*:;  Ij  r  •>:::.  In  keeping  the  street 
\v  :*'c  s.i:-:^  .=  ".1  .Ivrressir.g  the  tracks,  it 
:  -.'r.:.'.  :•:  :\tt  c"i\ir  l:eadr>?m  would  have 
-.:      -.    :!•.;    t:-c- r:.ii:.ty  of  the  drainage  of 
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"Tlie  Cut,"  but  under  later  studies  under  the  supervision  of 
^Fr.  E.  li.  McIIenry,  Vice-President  in  charge  of  Engineering, 
it  was  finally  decided  to  ease  off  the  former  objectionable  street 
grades  by  lengthening  the  approaches,  and  depress  the  tracks 
enough  to  allow  a  bridge  of  sufficient  depth  for  ample  strength, 
and  to  permit  18  feet  of  clear  headroom.  A  carefully  designed 
system  of  drainage  for  **llie  Cut"  makes  these  highly  advan- 
tageous changes;  pi>ssible  and  safe. 

Tliree  types  of  britlges  for  the  highway  crossings  have  been 
employed  in  connection  with  this  work,  (i)  Plate  girders.  (2) 
Riveted  trusses.     (3)  A  series  of  reinforced  concrete  arches. 

The  bridges  at  Oslx)rn,  Bradley,  Franklin,  Hamilton,  Wal- 
lace, and  East  Sts.,  representing  the  first  type,  consist  of  plate 
girders,  spanning  four  tracks  between  concrete  abutments. 
Tliese  girders  sup])ort  steel  lloorbeams  and  sidewalk  brackets 
carrying  the  roadway,  sidewalk  and  fence,  respectively.  'J1ic 
roadway  door  is  made  up  of  5  inches  of  plank,  tlie  wear- 
ing surface  of  2-inch  spruce  being  supported  by  3  inches  of 
hard  pine,  all  in  turn  carried  by  6x14  inch  hard  pine  stringers 
resting  on  the  shelf  angles  of  the  floorbeams.  Two-inch  spruce 
plank  on  4x12  inch  stringers  of  hard  pine  carry  the  sidewalk 
on  the  brackets. 

These  crossings  measure  in  the  shortest  width  about  61  feet, 
making  the  l)ridges  in  total  lenij^th  over  all  vary  from  63  to  75 
feet,   depending  upon   the   angle  of   intersection   between   the 
centre  line  of  street  and  the  centre  line  of  location.     In  width 
they  varied    frum  43  to  J^   feet  between  street  lines.     These 
widths  consisted  of  the  roadway  and  two  sidewalks,  the  road- 
ways varying  from  26  to  45  feet  wide  and  the  sidewalks  from 
8  feet  6  inches  to  15  feet  wide.    The  widths  of  the  top  flanges    : 
of  the  girders  were  taketi  out  of  the  sidewalk  widths,  in  other    I 
words,   the   mrders   were   on   the   curb  lines.     Tlie   widths   of    i 
the  gas  and  water  i>ipes  were  at  the  expense  of  the  roadway    ; 
width.  j 

As  to  what  could  l)e  best  di^ie  with  the  water  and  gas  pipes    | 
to  be   carried   over  these  bridiies   required   some   little   study.     . 
The  most  graceful  and  eccMioniical  way  was  to  make  the  road- 
way wheel  guards  of  a]Mi<.»rmal  size  and  enclose  the  pipes  in 
them.     A  2-inch  j)lank  lv>x  serves  as  ample  protection  for  the 
mains  and  at  the  same  time  makes  a  suitable  wheel  guard. 
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A  grave  consideration  of  aesthetics  was  not  made  : 
lesign  of  the  fence,  although  much  grace  could  have 
idded  to  all  these  structures  if  fence  of  another  type 
lave  been  used.  Tlie  type  of  fence  is  outside  of  the  jurisi 
>f  the  railroad  and  was  what  the  Engineering  Dcpartna-— 
-he  City  of  \ew  Haven  wanted.  In  defence  of  a  hig^ 
fence  it  can  be  said,  however,  that  besides  affording 
protection  against  frightening  horses  it  makes  the  I 
cast  attractive  for  loiterers  and  idlers. 

The  general  and  distinctive  features  of  this  type  of  brid 
>e  seen  from  the  inset  sheet  of  Ikadley  St.,  which  is  tb 
:ract  plan.  The  picture  of  Wallace  St.  gives  the  appears 
:his  type  of  bridge  during  erection. 

These  bridges,  as  well  as  the  bridge  work  as  a  whole 
lesigned  according  to  the  standard  practice  of  the  New  _ 
New  Haven  and  Hartford  Railroad  Co.,  or  the  best  prac  " 
KodsLV.     Economic  depths  for  the  floor  systems  of  these  E-r~ 
could  not  be  considered.     The  least  depth  possible  wa* 
in  all  cases  to  proiX)rtion  the  bridge  floor. 

The  erection  of  the  plate  girders  was  accomplished  bj" 
pole  derrick,  the  girders  being  swung  over  into  posiT 
Sunday,  while  one  track  was  in  use,  except  that  Walk 
East  St.  girders,  being  entirely  on  new  alignment,  were  s\ 
at  no  particular  time. 

The  East  St.  bridge  is  by  far  the  heaviest  of  the  platf 
bridges,  containing  some  245,000  lbs  of  steel  and  44^ 
lumber.  Its  floor  is  designed  sufficiently  strong  for 
track  trolley  crossing.  Bradley  St.,  representing  on 
lighter  plate  girder  structures,  has  about  92400  !bf.J 
and  28  M.  of  lumber. 

The  abutments  for  all  t!ie  bridges  are  of  concrete,] 
the   masonry   of    the   entire   improvement.      They 
same  construction  and  design  as  the  retaining  walls  eaf 
parapets  and  bridge  seats.     Making  the  face  of  tlie  bri^ 
ments  plumb  and  bringing  tliis  face  out  a  few  inches  f 
side  or  adjacent  walls,  as  is  custo«nar>%  is  perliaps  t»eJ| ; 
the  standpoint  of  appearance,  in  breaking  the 
long  continuous  retaining  wall,  !mt  when  the  t' 
ihe  same  rearward  slo|>e,  or  batter^  > 
cent,  you  have  uniform  construed^ 
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pressure  are  nearer  ihe  middle  of  the  abutment  section.  The 
body  and  foundations  of  the  abutments  are  of  a  1-3-5  ^^^' 
lure  of  concrete,  the  bridge  seats  and  parajjets  1-2-4  mixture. 
It  has  happened  to  good  advantage  that  the  bridge  masonr}^ 
has  been  well-seasoned  before  receiving  the  superstructure. 
The  bridges  already  erected  wliich  cross  the  old  alignment 
rest  on  blocking  to  afford  ample  clearance  for  present  temporary 
requirements,  but  when  the  tracks  are  lowered  to  their  final 
bed  the  steel  work  will  be  lowered  to  its  permanent  position. 

The  Berlin  Construction  Co.  of  Berlin,  Conn.,  are  the  con- 
tractors for  the  bridges  at  Osborn,  Bradley,  Franklin  and  Hamil- 
ton Sts.  Milliken  Bros.,  Inc.,  of  New  York,  built  the  Wal- 
lace and  East  St.  bridges. 

The  structure  to  be  erected  at  Olive  St.,  riveted  trusses,  rep- 
resents the  second  type  of  highway  bridge  used  in  this  work 
and  is  the  only  one  of  its  kind.  Here  rather  unusually  difficult 
conditions  exist  for  a  bridge.  The  centre  line  of  location  is  on 
a  4  degree  curve.  The  tracks,  before  reaching  this  crossing, 
start  to  converge  from  17'  o  feet  centres  to  13'  o  feet  centres 
beyond.  The  intersection  angle  between  the  centre  line  of 
street  and  the  tangent  to  the  centre  line  of  location  makes  a 
sharp  angle  of  31°.  The  two  inside  pair  of  tracks  are  not 
concentric  with  the  outside  pair,  nor  is  either  pair  concentric 
with  the  centre  line  of  improvement,  in  other  words,  three  dis- 
tinct curv'cs  occur  at  this  point.  The  calculations  for  distances 
and  intersections  were  very  difficult.  Analytic  geometry  had 
to  be  resorted  to  instead  of  the  usual  trigonometrical  methods. 
Those  computations  were  supplemented  by  careful  and  precise 
layouts.  Tlie  abutments  being  concentric  with  the  adjacent 
pair  of  tracks,  are  non-parallel  and  dissimilar. 

In  this  design,  any  attempt  at  symmetry  was  out  of  the 
question  on  account  of  the  large  and  different  end  skews. 
There  are  some  few  similar  parts  in  this  bridge  but  in  the  main 
it  is  a  collection  of  differences.  A  double  intersection  Warren 
truss  was  used  here  on  account  of  its  stiffness  and  rigidity.  The 
skews,  being  50  ft.  at  one  end  and  61  ft.  at  the  other,  necessitated 
jK^rtals  of  rather  unusual  length.  The  end  panels  of  the  trusses 
were  made  alike  to  avoid  making  warped  surfaces  of  the  portals, 
and  with  this  exception  this  bridge,  perhaps,  has  all  the  com- 
])licati()ns  credited  to  bridge  practice.     The  trusses  being  dif- 
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ferent  in  length  and  necessarily  unlike  in  arrangement  of 
four  ordinary  sets  of  bridge  computations  were  required 
find  the  maximum  stresses.     The  street  surface  and  the 
of  this  bridge  are  of  the  same  materials  and  construction 
fhe  floors  of  the  plate  girder  bridges,  and  what  has  already 
said  about  their  construction  and  arrangement  of  pipes  can 
be  said  in  the  case  of  this  bridge.    This  bridge  was  so  desij 
that  the  floor  could  be  renewed  without  disturbing  the 
work,  the  floorbeams,  in  other  words,  being  hung  from  tl 
posts  or  short  suspenders.     The  usual  longitudinal  camber 
6  inches  is  given  the  fl(x>r  for  efficient  drainage,  meaning 
the  trusses  being  at  the  same  elevation,  the  floorbeams  wci 
suspended  at  different  elevations,  giving  the  floor  the  necessai 
drainage  cur\'e.     This  curve  is  paralx>lic  for  this  bridge  as  wdl?? 
as  for  the  plate  girder  bridges,  except  that  in  the  case  of  the  gir- 
der bridges  the  girders  were  cambered  in  the  form  of  a  parabola^' 
A  3%  approach  grade  at  the  Grand  Avenue  end  of  the  bridge'^ 
enlarge<l  these  different  fl(x>rbcam  heights  somewhat.     As  will  -a 
be   seen   from   the   inset   sheets  of   the   contract   designs,   thc-yl 
bottom  chords  or  trusses  were  entirely  above  the  floor  awav  i 
from  the  effects  of  the  locomotive  gases.     These  conditions  = 
made  the  ends  of  the  trusses  relatively  very  high,  requiring 
high  shoes  with  suitable  stiffening  struts   from  the  chord  to 
assure   even    effects    from    contraction    and    expansion    on   the  • 
bases  or  rollers.     The  middle  dias^onals  of  the  trusses  figured 
rather  light   stresses,   the  sections  of   which  are  increased  to 
afford    ample   rigidity.       This   bridge,   the   heaviest   of   all   the 
street  highway  structures,  has  about  320,(XX)  lbs.  of  steel  and 
(K)  M.  of  timber  in  its  niako-iip.     It  will  be  erected  on  false- 
work consisting  of  timber  bents  erected  between  tracks,  carry- 
ing steel  and  timber  stringers,  while  the  tracks  are  in  use  under- 
neath.    The  concrete  bridge  seats  and  masonry  of  this  bridge 
are  the  most  difficult  to  build  of  all  the  steel  bridges.     Milliken 
r»ros.  of    New  York  are  the  contractors  and  builders  of  the 
su])erstructure. 

What  has  been  just  described  rei)rcsents  all  the  steel  highway 
work  in  oonnecti<m  witli  this  im]>rovement. 

I>y  far  llie  heaviest  ]H.)rti(^n  of  hii^lnvay  construction  is  the 
third  ty])e  of  l»ri<lge,  consislinf^  of  a  series  of  reinforced  concrete 
arches,  eacii  arch  s])anning  a  pair  of  tracks.     This  viaduct  type 
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lyi  construction  was  used  at  Fair  and  Union  St.  crossing,  where 
tour  pairs  of  tracks  are  spanned.  Similar  construction  will  be 
used  at  Crown,  Chapel,  Court  Sts.  and  Grand  Ave.  Piers 
between  pairs  of  tracks  had  to  be  used  in  all  these  street  cross- 
in  ja^s  because  this  portion  of  the  city  and  *'The  Cut''  are  nearest 
liij^h  water  in  elevation,  and  more  depth  could  not  be  taken  for 
a  structure  of  greater  span.  These  streets  gave  the  most  con- 
cern on  account  of  their  already  steep  approach  grades,  which 
started  flat  and  raised  suddenly.  Here  6%  and  8.8%  grades 
will  be  replaced  by  3%  grades.  These  structures,  one  of 
which.  Fair  and  Union  St.  crossing,  is  now  nearly  complete, 
have  all  the  advantages  belonging  to  reinforced  concrete  con- 
struction. 

Several  studies  and  methods  of  flooring  these  crossings  were 
considered  under  the  direction  of  Mr.  McHenry,  Vice  Presi- 
dent :  all  but  one  were  rejected  because  of  the  difficulty  in 
affording  free  and  easy  egress  for  the  smoke  and  gases.  Any 
construction  similar  to  or  like  eyebeams  and  jack  arches  that 
would,  in  any  way,  form  pockets  for  the  gases,  was  considered 
comparatively  short-lived  and  expensive  in  maintenance.  Some 
form  of  a  smooth  arch  offered  the  readiest  solution  to  these 
rc(|uirements.  What  was  finally  evolved  was  a  flat  three  cen- 
tred arch  which  conforme<:l  to  the  best  advantage  to  our  double 
track  clearance  diagram.  While  practically  nothing  was  gained 
in  depth  of  structure  in  using  the  flat  arch  in  preference  to  the 
nihcr  methods  of  spanning  a  pair  of  tracks,  the  arch  form  best 
facilitated  the  ready  egress  of  gases,  so  that  a  train,  in  passing 
through,  practically  ventilates  or  draws  out  after  itself  its  own 
smoke  and  gases. 

1'he  [H^rmanent  qualities  of  this  kind  of  masonr\^  are  evident 
to  all  of  us  who  now  realize  that  we  are  just  entering  the 
reinforced  concrete  age.  The  series  of  arches  for  these  cross- 
ings not  Qiily  afforded  a  practical  solution  to  the  difficulties 
encountered  but  gave  at  the  same  time  a  far  more  comely  and 
.graceful    bridge. 

ICssentially  this  reinforced  concrete  construction  consists  of 
embedding  steel  elements  or  units  in  concrete.  The  elements 
nr  imits  are  of  such  form  and  dimensions  and  so  placed  in  the 
concrete  as  will  most  adequately  afford  the  greatest  strength  to 
the  given  shape.     In  this  bridge  work  old  track  material  such 
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as  abandoned  rails,  fish-plates,  and  bolts,  railroad  scrap  in 
other  words,  is  tlie  given  material  for  reinforcement.  Suffi- 
cient new  material,  in  the  shape  of  rods,  l)ent  plates,  bolls  and 
lacing,  is  added  to  make  up  the  fabricated  units  and  to  bind 
all  into  a  frame  and  mesh  work.  Reference  to  the  inset  sheets 
showing  these  various  steel  units  will  indicate  how  tlie  rein- 
forcement was  arranged  in  the  concrete. 

An  arch  unit,  it  will  be  seen,  consists  of  a  rail  in  its  natural 
position  following  the  extrados  of  the  arch,  and  within  3  inches 
of  its  surface  lK)lted  at  the  crown  to  another  rail  which  is 
inverted  and  which  follows  the  curve  of  the  intrados  and  alxnit 
3  inches  from  its  surface.  Where  the  rails  separate,  bent  j>lates 
or  lacing  is  inserted  which  is  bolted  to  the  flanges  of  the  two 
rails,  making  a  truss  frame  or  unit.  In  short,  all  arch  units  are 
of  this  construction.  The  arch  units,  it  will  be  seen,  are  spliced 
into  the  pier  or  abutment  units.  A  pier  unit  is  made  u\)  of  a 
vertical  rail  to  which,  at  fixed  heights,  are  bolted  short  ])icx:es 
of  rail  to  which  are  spliced  the  rails  of  the  arch  unit.  Where 
the  arch  units  are  next  to  an  abutment  or  the  end  of  the  l)ri(lge 
they  are  spliced  into  the  abutment  units  or  anchor  frames.  The 
abutment  units  in  sha])e  follow  the  exterior  sha])e  of  the  abut- 
ment. The  lacing,  c^f  bent  ])lates,  i)\  the  constituent  rails  makes 
the  unit  or  frame.  .In  review  and  s|)eaking  generally,  all  units 
are  composed  of  two  rails  exce])t  the  pier  unit  which  is  com- 
]:)osed  of  three  pieces,  and  in  sha]>e  follow  the  exterior  surfaces 
of  the  particular  part  in  which  they  are  e]nl)erl(led. 

In  this  work  the  main  item  of  cost  to  l)e  studied  is  in  the 
work  of  fabrication  of  these  rail  trusses  nv  units,  consecpiently 
full  length  rails  were  used  as  far  as  |H.>ssible. 

Theory  and  practice  tell  us.  convincingly,  that  the  finer  the 
distribution  of  metal  in  the  concrete  the  more  homogeneous  the 
reinfi^rced  coricrtne  ;  but  in  the  use  of  these  large  steel  sections 
oiluT  advantam'S  accrue  and  nuich  is  gained  in  stiiTness.  When 
the  reinforcement  sectif.»ns  are  large,  shorter  and  easit-r  methods 
in  erection  can  be  used  where  falsework  of  the  u<ual  kind 
camiot  be  employed.  These  advanlage.s  were  considered  in 
the  use  of  large  secti(»ns.  If  it  is  ft)und  TKce^sarx.  these  unit 
frames  and  reinforcements  are  of  ample  strenj^th.  size  and 
stitTness  to  su]^iM.»rt  the  arch  lagging.  'IMiose  of  you  who  saw 
the  completed  reinf(»rcement  of  Vixir  St.  will  readily  admit  that 
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it  ha>  considerable  sustaining  ix>wers  within  itself,  without  the 
concrete.  Arches  of  this  type  couUl  he  erecte<.l  in  |XTfect  safety 
«»ver  tracks  in  oMistant  use.  However,  where  possible,  a  con- 
servative course  has  and  will  be  pursueil,  employing  the  usual 
falsewurk. 

It  is  a  favorite  inethtxl  of  some  European  ilesigners  and 
constructors  ti^  make  the  reinforcement  large  and  stmng 
enriugh  to  supfx^rt  the  necessary  lagging  and  adjuncts.  They 
claim,  and  it  seems  plausible,  that  the  saving  in  the  cost  of 
forms  is  far  greater  than  the  increast^l  cost  oi  the  added  steel 
area  necessary  for  self-support.  A  disadvantage  in  using  such 
large  sections  is  that  the  areas  are  not  elastic ;  in  other  words, 
where  smaller  areas  o\  steel  would  have  sufficed,  the  large 
areas  had  to  be  used  for  unif«irmiiy  oi  construction. 

Thi<  unit  truss  construction  is  properly  Ci>ntinuous  along 
TJie  entire  length  of  the  structure,  making  easy  a  carefid  placing 
«»r*  the  reinforcement.  In  the  use  o\  large  sections,  such  as  the 
fixed  rail  >ection.  constant  care  nuist  be  taken  to  have  as  few 
kin<is  oi  frames  as  possible.  Each  new  kind  means  a  new  shop 
template  and  added  cost.  Small  rods  lend  themselves  to  any 
variety  and  set  of  circumstances  without  much  trouble.  iKMug 
readily  Ix-nt  and  twisted  to  suit  particular  puq»ses. 

In  railroad  work  no  material  is  more  readily  at  hand  or 
ciuajKT  than  old  rails  and  fittings,  ami  if  the  railroad  shops 
could  have  fabricated  this  reinforcement  as  was  originally 
intended,  it  is  extremely  doubtful  if  more  economical  reinforced 
Concrete  coul<l  be  bnilt  with  the  same  large  measure  of  reserved 
strength  in  such  large  sections.  Considerable  difficulty  was 
ex|XTienced  in  obtaining  old  material  imiform  enough  to  go 
together  easily  in  the  fieUl.  There  are  five  different  makes  of 
rails  in  the  I'^air  St.  l)ri<lge.  Much  time  was  lost  in  adjusting 
and  hammering  obstinate  fish-i)late  connections  into  place. 

In  physical  characteristics  the  rails  varied  very  much.  Before 
the  actual  work  oi  the  fabrication  of  the  reinforcement  com- 
menced, some  experiments  were  conducted  to  see  if  the  material 
intended  for  use  could  be  bent  cold  to  the  severest  curves 
required.  Unfortunately,  the  first  few  rails  bent  had  excep- 
tionally i:;iMK\  elastic  qualities  and  were  easily  bent  to  the  curves 
of  shortest  radius  without  any  signs  of  cracking  or  fracture  of 
the  metal  at  the  bending  points.      It  was  concluded  that  this 
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material  could  be  handled  cold  at  the  desired  curves.  W  len 
the  actual  work  of  fabrication  commenced  the  rails  cracked 
and  snapped  off  short  under  cold  bending  and  after  trying 
various  kinds  without  success,  resort  had  to  be  finally  made  to 
heating  the  rails  before  bending  them. 

No  refinements  were  attempted  in  bending  the  rails  to  the 
curves  shown  on  the  drawings.  The  sections  l>eing  large  and 
cumbersome  to  handle,  3  inches  leeway  from  the  reinforce- 
ment to  the  surface  of  the  concrete  was  allowed  for  difficulties 
in  exact  bending.  In  the  erection  of  the  I^^air  St.  reinforcement, 
the  distance  of  the  rail  reinforcement  to  the  surface  of  the 
concrete  varied  from  3  to  6  inches,  but  was  never  allowed  to 
Ixi  any  less  than  3  inches. 

As  to  the  spacing  of  the  reinforcement  units,  3  feet  was  the 
prevalent  spacing  in  most  of  the  construction ;  in  ])laces  it  was 
slightly  less  than  3  feet  and  sometimes  4  feet.  For  instance, 
at  I'air  St.  the  alignment  is  on  a  4  degree  curve,  consequently 
the  reinforcement  units  had  to  be  placed  in  radial  lines  to 
avoid  an  endless  variety  of  units,  had  it  been  attem])ted  to  run 
the  rail  trusses  parallel  to  the  centre  line  of  the  street.  This 
is  the  reason  why  there  are  projecting  corners  from  the  sides 
of  the  Fair  St.  bridge.  The  details  of  design  of  these  corners 
and  overhangs  are  shown  on  the  inset  sheets. 

As  to  whether  the  reinforcement  trusses  are  spaced  3  feet 
i>r  some  other  distance  apart,  necessitated  some  little  theor\' 
and  computation.  As  an  elastic  arch  with  its  bending  moments 
far  le^s  material  is  required  than  is  used.  The  nature  of 
the  reinforcement,  its  arrangement  and  i>ossil)Ie  uses,  suggested 
computations  on  the  basis  that  each  arch  consisted  of  two 
cantilevers  carrying  a  small  sus])en(led  sj)an  in  the  middle.  This 
method  of  computing  the  stresses  in  the  ct>nstituent  materials 
was  considered  tin*  best  under  the  circumstances.  For  loading, 
the  heaviest  concentrations,  as  steam  road  rollers  and  trolley  cars, 
were  considered  in  the  desii^n.  \\'liether  the  span  is  consiilered 
as  a  composite  beam  or  an  arch,  the  rails  in  the  extrados  may 
be  considered  as  in  tension  while  the  rails  in  the  intrados  as 
members  in  com])ression.  The  material  for  tension  members 
is  selecte<l  from  a  promiscuous  lot  and  splices  were  made  and 
adjusted  accordingly.  Where  the  joints  in  the  compression 
members  or  intradosial  rails   were  ojien  and   a  ])oor  fit   c«nild 
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not  be  helped,  babbitt  metal  was  poured  in  to  insure  tightness 
and  a  perfect  transmission  of  the  forces.  In  the  intrados, 
splice  plates  are  bolted  to  the  lower  flanges  of  the  rails  in  an 
endeavor  to  develop  as  much  of  the  rail  section  as  possible  in 
tension,  in  addition  to  the  regular  fish  plates  and  bolts. 

Between  the  rail  trusses,  following  the  intrados  and  extrados, 
are  inserted  ^-inch  rods,  spaced  about  i  foot  centres  longi- 
tudinally and  2  ft.  centres  transversely.  The  upper  and  lower 
IKiints  of  crossing  are  tied  in  by  ^4 -inch  vertical  round  rods. 
The  entire  reinforcement  made  a  compact  rigid  steel  skeleton. 

As  can  be  seen  from  the  inset  sheets,  the  old  rail  trusses  are 
in  convenient  shipping  and  handling  sizes. 

The  crown  thickness  is  14  inches,  8  inches  being  allowed  for 
two  depths  of  rail  which  varied  somewhat  with  the  kinds,  plus 
3  inches  of  concrete  covering  on  each  side  Bitulithic  paving 
3  inches  in  thickness  is  the  wearing  surface  of  the  roadway. 
This  is  laid  on  the  rough  top  of  the  solid  spandrel  arches. 

As  can  be  seen  from  the  nature  of  the  construction,  14  inches 
crown  thickness  does  not  permit  the  usual  calibre  of  water 
and  gas  mains  or  a  great  number  of  telephone  comluits.  Noth- 
ing r>f  this  nature  could  be  inserted  in  the  reinforced  construc- 
tion. The  only  resort  left  was  to  insert  all  the  necessary  pipes 
and  conduits  for  present  or  future  use,  in  as  deep  a  sidewalk 
as  could  Ix*  made. 

The  sidewalks  are  all  given  a  10-inch  gutter  depth  and 
sK»ped  back  to  the  coping  of  the  bridge  at  the  rate  of  ^  of  an 
inch  to  the  foot.  All  ])ipes  and  conduits  are  conveniently  laid 
in  the  material  comiX)sing  the  sidewalks  and  are  in  a  gocxl 
measure  accessible  for  repairs. 

'i1ie  cross  section  of  Chapel  Street  shown  on  one  of  the  inset 
siieet<  specifies  the  kind  of  material  composing  the  walks  and 
the  arrangement  of  the  pipes  and  conduits  in  them.  Incident- 
ally, this  section  also  shows  the  arrangement  of  the  reinforce- 
ment through  the  crown  of  the  arches  and  through  the  piers. 

A  section  of  a  pr(>ix)sed  curb  is  shown,  which  has  been  used 
with  some  degree  of  success  in  several  of  our  large  cities. 
Sometimes  an  angle  is  inserted  in  the  corner  to  prevent  chip- 
ping. The  wearing  (|ualities  of  this  kind  of  curb  seemed  doubt- 
ful a^  compared  with  the  usual  granite  curb,  so  the  latter  kind 
will  he  used  in  its  place. 
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Details  of  the  standard  board  fence  used  in  the  improvement 
are  shown  on  the  same  inset  sheet. 

Tlie  nature  of  the  foundation  material  at  the  different  bridj^^e 
sites  and  the  heavy  superimposed  loads  will  make  necessary  in 
most  cases  the  use  of  piles  in  the  pier  and  abutment  foundations. 
The  driving  of  piles  is  the  first  operation  in  preparation  for  the 
foundations.  They  are  spaced  alx>ut  3  feet  centres  and  figfured 
as  beinfj^  safely  worth  about  15  tons.  The  foundations  in  con- 
crete are  then  brought  up  to  the  low- est  elevation  of  the  rein- 
forcement. Then  the  falsework  is  commenced.'  Xo  steel  of 
whatever  description  is  placed  until  the  completion  of  the  false- 
work. 

In  brief,  the  forms  consist  of  bolted  plank  trusses  of  proper 
curved  form  spaced  some  4  feet  a])art  carrying  2-inch  plank 
lagging  on  top.  In  section  and  construction  this  form  resem- 
bles a  large  sewer  invert.  The  curved  forms  are  supjxjrted 
on  timber  bents  composed  of  12x1 2-inch  verticals  spaced  about 
4  feet  apart.  Three  l>ents  to  the  span  are  used,  one  being' 
placed  at  the  crown,  the  (^ther  two  at  the  ends.  These  bents  are  "| 
braced  in  both  directions  by  6x2-inch  diagonal  strips.  The  arch 
trusses  consisted  of  3  strips  of  eoxt 2-inch  plank  in  short  sec- 
tions shaped  to  the  curve  of  the  intrados.  and  2-iox2-inch 
planks  in  suitable  lengths  for  the  straight  lK:)tiom  chord.  2x6- 
inch  plank  composed  the  diagonal  struts  between  the  chords.  . 
The  bents  carrying  the  curved  forms  rested  on  sills,  between 
which  and  the  l)olt()ni  limber  of  the  bents  were  inserted  oak 
adjusting  wedges  by  which  the  falsework  could  be  adjusted  to 
any  desired  elevation.  Half  inch  l)olts  are  used  in  assembling 
the  different  trus^  nu-mbers.  20(l  wire  nails  are  used  in  nailing 
down  the  lagging  ])lank  to  the  arch  trusses. 

In  the  building  of  the  l^^air  St.  bridge,  this  arrangement 
of  falsework  has  served  its  ])ur])ose  adequately.  The  arch 
forms  were  set  an  inch  higher  than  the  figured  elevations  to 
]>rovi(le  for  any  settlement.  The  forms  and  supix)rts  were  so 
made  as  to  l)e  availal^le  for  similar  arches  for  the  other  streets. 

'I'he  falsewf^rk  in  i)lace.  the  i)lacing  of  the  rail  trusses  and 
units  commenced  by  resting  them  on  small  3-inch  l)kKks  on 
the  lagging,  allowing  the  specific  distance  from  the  surface 
i>f  the  concrete.  Adjusting  the  rail  frames  and  splicing  them 
is  by   far  the  most  tedious  ])art  of  the  job.     At  Fair  St.  this 
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niost  possible.     The  best  dean  sharp  sand  and  gravel  is  fotini! 
thrDiighout  tlie  necessary  excavation.     Stoiie  of  good  qualit>\  \ 
composing  old  bridge  seats,  piers,  and  walls  of  the  old  align- 
ment,  is  crushed   at   convenient  points   for  the  concrete.     In 
the  concrete  of  the  reinforced  bridges  a  1-3-5  niixture  is  usetl 
in  tlie  abutments  and   piers,  which  arc  completed  ftrs-t.     The  I 
arch  concrete  constste<:l  of  a   1-2-4  mixture  with  the  stone  in| 
size  to  pass  a  .^^-if^ch  i^"R*     -^^^  joints,  or  the  ends  of  a  day*s 
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work  in  concrete,  are  left  rough  and.  if  necessary,  the  next  day 
are  cleaned  and  moistened  for  the  best  bond.  A.  wet  mixture 
of  concrete  is  preferred,  which  agrees  with  the  best  general 
practice-     It  has  waterpnx)f  qualities. 

Up  to  tliis  date  of  writing,  the  bitnlithic  pavement  has  not 
been  put  down;  moisture  in  the  form  of  water,  snow^  and  ice, 
has  covered  the  Fair  St.  bridge.  An  occasional  inspection  of 
the  intrados  of  the  arches  gives  no  evidence  of  any  percolation 
through  the  structure.  So  it  may  l>e  safe  to  assume  that  the 
concrete  structure   in   itself  is  waterproof.     Bitulithic   paving 
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and  the  composition  of  the  sidewalk  surface  afford  other  ample 
and  sufficient  waterproofing  for  the  street  surface. 

Exposed  side  surfaces  and  other  parts  where  the  forms 
could  be  easily  removed  when  the  concrete  was  green,  were 
rubbed  off  smooth  by  a  hand  rubbing  board  with  sand  and 
water.  Inaccessible  parts,  such  as  the  exposed  intrados  of 
the  arches,  received  an  inch  layer  of  cement  mortar  before  the 
concrete  was  placed,  while  the  sides  of  the  piers  and  abutments 
were  spaded.  Exterior  surfaces  at  Fair  St.  have  come  out 
satisfactory. 

The  Fair  St.  arches  ami  the  street  surface  of  the  bridge 
follow  a  longitudinal  parabolic  curve.  It  is  about  150  ft.  long 
and  40  ft.  wide  with  a  roadway  26  ft.  wide  and  two  sidewalks, 
each  7  ft.  wide.  It  contains  about  1550  cu.  yds.  of  concrete 
and  350,000  lbs.  of  reinforcement.  This  bridge  and  the  other 
reinforced  concrete  bridges  will  have  the  standard  high  board 
fence,  but  it  is  hoped  when  this  portion  of  the  New  Haven 
Railroad  system  is  electrified  and  the  noise,  smoke,  and  dirt 
are  mere  recollections,  this  fence  which  we  will  now  have  to 
look  at  with  regret,  will  be  replaced  by  a  neat  and  artistic  rein- 
forced concrete  balustrade,  a  fit  associate  for  so  comely  a 
bridge. 

Messrs.  C.  W.  IMakeslee  &  Sons  of  Xew  Haven  are  the  con- 
tractors and  builders  of  all  the  reinforced  concrete  highway 
bridges  as  well  as  all  other  masonry,  necessary  excavation  relat- 
ing thereto,  and  work  in  connection  with  this  improvement. 
Tlie  Yale  Safe  and  Iron  Co.  of  this  city  are  the  fabricators  of 
the  rail  reinforcement.  The  Aberthaw  Construction  Co.  of 
Iloston  supplied  the  rod  reinforcement.  Warren.  Hros.  of 
IJoston  will  lay  the  bitulithic  paving. 

All  the  engineering  questions  were  handled  by  Mr.  E.  ?I. 
McHenry,  Vice  President,  in  charge  of  Engineering.  Mr. 
Edward  (iagel.  Chief  Engineer,  and  Mr.  W.  H.  Moore,  Engi- 
neer of  Ilridges,  under  whose  supervision  this  bridgework  was 
designed  and  is  being  constructed,  are  members  of  this  society. 
The  writer  is  Assistant  Engineer  in  charge  of  the  design  of 
the  bridges  of  the  Xew  Haven  Improvement. 


62  TWliNTV-THIRD   ANNUAL    MEETING. 


THE  NEW  HAVEN  CUT. 

By  John  F.  Trumbull. 

In  these  days  of  increased  demand  upon  railroads  and  wi 
a  future  requirinpf  still  greater  facilities,  plenty  of  room  ai 
some  to  spare  must  l)e  had  at  all  important  terminal  and  jun 
tional  points  where  a  prompt  and  safe  classification  and  ino* 
ment  of  passenger  and  freight  traffic  is  necessary.  Tlie  <J 
New  Jlaven  C  ut,  which  amply  satisfied  former  traffic  denian 
does  not  now  begin  to  aft'ord  these  common  and  essential  fa 
ties  of  modern  railroad  operation.  In  brief,  this  is  the  re 
for  the  railroad  improvement  now  l>eing  carried  on  in 
Haven. 

An  average,  taken  from  recent  train  sheets,  shows  that  tB 
are  about  350  train  movements  through  the  Cut  in  24  ho 
including  switching  between  Water  street  and  Cedar  Hill  ya 
Kast  Ixjund   trains  are  occasionally   stalled   on   the   maxin 
grade   and   curve   near   the   Belle   Dock   Junction.   whiU* 
l)ound  trains  are  fre(|uently  delayed  by  the  congestion  atj 
throat  of  Water  street  yard.     When,  as  on  a  football  day.  tH 
or  forty  special  ])a>senger  trains  nuist  be  hi  idled  in  andj 
within  a  few  liours.  train  movements  an    -ather  fre(|uoiU. 
such  a  lime  a  slight  hitch  or  delay  is  likely  i     modify  ^crio 
any  plan  which  has  been  worked  out  for  handling  the  traffi 

Cf)nsidering  for  a  moment  the  physical  characteristics  «>i 
present  Cut  before  passing  to  a  brief  description  of  the  val 
]>lans  for  getting  the  railn^ad  through  Xew  Haven,  we  >^^'c 
it  extends  from  the  throat  of  the  freight  yard  at  Water  stl 
jn>t  east  of  the  present  passenger  station,  to  Belle  Dock  Jj 
tioii  at  Mill  Kiver,  a  distance  of  about  6400  feet.  It  ccniaij 
present.  lw<»  main  line  tracks  extending  the  whole  length  iU 
third  track  from  Water  street  to  (irand  avenue,  for  the  No 
aiii])l('n  Division.  ]'"n»m  Belle  Dock  Junction  easterly,  c 
are  four  main  line  tracks  used  by  the  Hartford.  Air  Liiu', 
Sliore  Line  l)ivisii>ns.  l^'om  Water  street  to  Grand  avenue 
iraok>  are   in  the  old   Xorlliampton   Canal  bed.  and   arc  •"■ 
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number  of  curves,  the  minimum  headroom  being  so  small  that 
it  is  impossible  to  send  many  of  the  large  modern  freight  cars 
under  the  bridges.  The  worst  curves  in  the  Cut  are  imme- 
diately west  of  Belle  Dock  Junction,  where  a  5  degree  reverses 
into  a  7.  The  present  Cut  has  a  total  curvature  of  161  degrees. 
The  maximum  grade  occurs  on  the  reverse  curve  mentioned 
abivc.     It  is  about  1.5  per  cent. 

Some  of  the  plans  which  have  been  proposed  for  bettering 
these  conditions  are  briefly  described  here,  the  layouts  being 
shown  on  the  accompanying  map.  The  first  plan,  which  was 
approved  by  the  Connecticut  Railroad  Commission,  was  to 
parallel  the  old  tracks  wath  two  additional  tracks  throughout 
the  Cut.  Increased  headroom  was  to  be  obtained  both  by. 
lowering  the  tracks  and  raising  the  street  bridges. 

Much  opix)sition  to  this  plan  was  developed  in  the  city  of 
Acw  leaven,  on  the  ground  that  the  street  grades,  already 
objectionable,  would  Ix^  made  steeper.  A  long  period  of  dis- 
cussion followed ;  the  Railroad  meanwhile  investigating  six 
other  plans,  with  the  understanding  that  any  one  chosen  by  the 
City  would  be  acceptable.  A  summary  of  all  the  plans  con- 
sidered gives : 

isl.     The  plan  already  mentioned. 

J<1.  To  follow  the  present  location  with  the  tracks  on  a 
structnie  elevated  al)ove  the  street  crossings. 

3d.  To  shift  the  tracks  to  the  east  and  carry  Cnion  street 
on  a  steel  floor  alK)ve  them. 

4tli.  To  abandon  the  ])resent  Cut  and  run  from  the  present 
station  along  the  water  front  to  the  Belle  Dock  Branch  and  on 
to  a  junction  with  the  main  line  at  Cedar  Hill,  the  Belle  Dock 
r» ranch  being  carried  on  an  elevated  structure. 

5th.  The  r<aite  last  described  but  with  streets  crossing  over 
the  tracks  instead  of  under. 

^>th.  To  run  straight  across  the  city  from  the  depot  to 
("Vdar  I  nil  on  an  elevated  structure. 

/til.  To  follow  the  water  front  on  a  fill  made  outside  of  the 
dock<  to  the  r.elle  Dock  Branch. 

I  Mans  four  and  ii\\c  were  backed  by  an  offer  of  the  Railroad 
10  i]i.-k'(\  its  ])resent  holdings  in  the  Cut  to  the  City  in  return 
tor  a  riglit  of  way  along  Water  Street  where  the  Company  did 
n. .t  own  land,  the  City  to  pay  the  difference  in  cost  between  the 
two  plans  provided  it  was  less  than  $(po,ooo.oo;  under  the  pro- 


64 


TWENTY-THIRD    ANNUAL    MEETING. 


visions  of  the  State  Grade  Crossing  Act.  The  City  refused  to 
accept  any  of  tlie  a1x)ve  plans.  To  add  to  the  joy  of  the  occa- 
sion, parties  unknown  caused  signs  bearing  the  legend*  "The 
Bottom  Of  This  Sign  Is  The  Height  That  The  Railroad  Co. 
Ask  To  Raise  This  Street/'  to  be  affixed  to  poles  more  or 
less  distant  from  die  site  of  the  proposed  work,  in  several 
places  where  no  change  was  planned  and  above  the  heads  of 
the  passer sby  in  some  cases ;  the  wayfarer  thus  being  enabled 
to  consider  the  prospect  of  the  surrounding  streets  of  the 
afflicted  city  buried  under  a  fill  of  from  three  to  seven  feet  as 
far  as  the  eye  could  reach. 


-H-w   ••; 


LUOKJN'G    EAST    FROM    HOOF    OF    MAi^ONlL    TtMlvLE. 

ARTIZAN   ST»    RETAINING  WALL    PARTLY   COMPLETED   SHOWING 

CHANGE    IN    ALIGNMENT. 


.'\s  time  passed  and  no  agreement  was  reached,  the  Railroa(5 
decided  to  go  ahead  with  plan  number  one,  which  had  been 
approved  by  the  Railroad  Commission.  The  City  immediately 
applied  for  and  secured  a  temj^orary  injunction,  but  before  the 
case  was  tried  an  agreement  w^as  reached  between  the  Road 
and  a  Commission  consisting  of  the  Mayor  and  two  Aldermen 
appointed  by  the  Board  of  Aldermen  ;  the  Commission  being 
unable  to  bind  the  City  to  pay  any  share  of  the  construction 
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i  expense.     .V  compromise  was  at  last  agreed  upon,  under  the 
terms  of  which  the  work  is  now  being  done. 

Under  the  accepted  plan  the  tracks  were  moved  some  distance 
south  of  tlie  old  location  for  more  than  half  of  the  length  of 
the  Cut.     This  was  done  in  order  to  obtain  lighter  approach 

Frade^  from  State  street,  which  runs  nearly  parallel  with  the 
fight  of  way.  It  was  undesirable  to  convert  an  extremely  busy 
and  almost  level  street  into  a  series  of  humps  at  the  fjrade  run- 
offs»  to  say  nothing  of  the  excessive  property  damages  due  to 
added  street  elevation.  In  most  cases  it  would  have  been 
cheaper  to  buy  property  outright  than  pa)'  the  estimated 
damage. 


CURVED  CONCRETE  ABUTMENTS  AT   EAST  ST,   SHOWt^fC    CHANGE   IN 
ALIGNMENT   AND  TEMPORARY    IlRtDGE. 


Four    main,    and    two    Xortliamptoii    tracks    are    provided, 

^ether  witli  sidings  giving  access  to  various  wholesale  houses 

Dn  State  street.     Maximum  curves  are  4  degrees  with  maxi- 

Imum  grade  of  073  per  cent.     The  longest  tangent  is  about 

I2000  feet.  35  degrees  of  curv^ainre  being  eliminated  by  it.     The 

I  new  line  is  shorter  than  the  old  by  about  300  feet,  there  being 

161  degrees  of  curvature  on  t!ie  old  against  102  degrees  on  the 

[flew.     On  the  approaches  to  street  bridges  the  maximum  grade 
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is  4  per  cent.,  the  greatest  elevation  above  the  fonner  street 
surface  being  9.5  feet  at  Fair  street.  The  greatest  track 
depression  is  about  7  feet  for  400  feet. 

The  highway  crossings,  going  east  from  Water  street,  are 
carried  on  five  reinforced  concrete  arch  bridges,  two  tracks 
to  a  span,  from  140  to  180  feet  long;  one  Warren  riveted  skew 
truss  bridge  of  about  140  foot  span  and  6  plate  girders.  The 
line  crosses  Mil!  River  on  a  6-track  reinforced  concrete  skew 
arch  of  two  50- feet  clear  spans;  Humphrey  street  extension,  a 
little  further  on,  being  spanned  by  a  plate  girder  bridge  on  a 


SKETCH    OF    l^RQPOSED    SIX-TRACK    CONCHETL    URILK.K 
AT   MILL    klVER, 

very  sharp  skew  ;  these  bridges  will  be  described  in  detail  by 
their  designer,  Mr.  Slocum  of  the  Bridge  Department*  In  con- 
nection with  the  Humphrey  street  extension,  the  i>reseut  Cedar 
Hill  Station  is  to  be  replaced  by  a  more  modern  structure  on 
the  opposite  side  of  the  right  of  way:  as  die  space  occupied 
at  present  is  needed  for  additional  tracks. 

Returning  now  to  the  lower  end  of  the  work,  llic  trolley 
tracks  in  State  street  between   Cliapel  street  and  new   Union 
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aveiuic  are  to  be  removed  and  carried  above  the  present  tracks 
in  the  Cut  on  a  concrete  viaduct  crossing  the  streets  at  grade. 
This  arrangement  will  surrender  State  street  to  team  traffic 
and  shorten  the  running  time  of  station  cars.  On  the  south 
side  of  Chapel  street  a  concrete,  steel  frame  office  building 
containing  a  trolley  waiting  room  is  to  be  erected  over  the 
proposed  tracks. 

Passing  to  the  actual  construction,  we  may  roughly  arrange 
the  description  under  the  following  headings:  Surveys.  Exca- 
vation, Drainage  System,  Temporary  Work,  Concrete  and 
Track  Work. 

Sun'cys. 

Surveys  were  started  in  April,  1904,  by  following  up  a  pre- 
vious Center  Line  of  Improvement  run  in  several  years  before. 
This  line  was  carefully  reestablished  and  all  P.C's.P,  T's  and  P, 
Ts  referenced.  It  was  then  thrown  up  onto  the  street  bridges, 
and  intersected  with  the  street  center  lines.  Working  from 
these  lines,  detail  surveys  were  made,  locating  walls,  buildings, 
tracks,  poles,  etc.  On  the  streets  all  doors,  windows,  steps  and 
area  ways  likely  to  be  affected  by  grad^  changes  were  picked 
up  and  all  manholes,  catchbasins,  valves,  pipe  and  conduit  lines 
located. 

Instrument  work  in  the  Cut  was  attended  by  much  incon- 
venience due  to  the  fre(|uent  passing  of  trains,  vibration,  smoke 
and  the  long  stretches  where  there  was  not  enough  clearance 
between  wall  and  train  to  allow  a  man  to  stand  in  safety. 
Luin])s  of  coal  of  all  sizes,  dislodged  from  swaying  tenders, 
were  found  to  be  c^uite  unpleasant  things  to  meet. 

TIk-  final  Center  Line  of  Improvement  ran  over  the  roofs 
fnr  nearly  half  a  mile  between  Fair  street  and  Grand  avenue. 
It  was  established  on  the  roofs  and  its  length  calculated,  using 
data  from  previous  lines  on  the  ground,  .\fter  the  removal  of 
buildings  it  was  run  through  on  the  ground  and  measured. 
Xo  appreciable  error  in  direction  appeared,  while  the  measured 
distance  checked  the  calculated  within  0.03  of  a  foot.  I>uff 
and  FUifY  transits  were  used  and  measurements  made  with  100- 
fnc  It  ^tccl  ta])es  without  spring  balances.  All  street  lines  and 
])ernianently  useful  points  were  carefully  referenced  and  a 
double  system  of  bench  marks  established  and  cross  checked, 
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one  system  being  in  the  Cnt  for  use  on  track,  foundations,  etc., 
while  the  second  was  above  on  the  streets  at  convenient  points 
clear  of  disurbance.  No  accidents  to  field  enq-ineers  while  on 
track  have  occurrecU  everyone  observing  the  nile  not  to  stand 
on  an  empty  track  to  avoid  a  passing  train  and  by  always 
locating  which  track  an  invisible  approachine:  train  is  nn.  It 
may  be  running  left-handed. 

The  next  step  was  the  removal  of  the  one  hundred  and  thirty 
odd  buildings,  ranging  in  size  from  frame  sheds  to  six-story 
brick  structures.     Several  brick  houses  were  quickly  torn  down 


STEAM    SHOVEL    AT    WORK    TEARING    DOWN    BUILDINGS  ON    FAIR    ST, 


by  the  railroad  steaui  shovel,  when  pressure  on  the  wrecking- 
contractor  became  necessary.  One  buildinpf,  whose  lower  story 
cotitains  the  Improvement  Engineering  Office,  still  remains, 
due  to  the  presence  of  a  lessee  in  the  upper  stories. 

While  the  removal  ui  buildings  was  in  progress,  borings 
were  made  at  points  to  be  occupied  by  the  mure  important 
structures.  These  borings  brought  up  sand  of  various  qualities 
and  degrees  of  fineuess  from  all  depdis  down  to  88  feet  below 
mean  high  water. 
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Excavation, 

About  350,000  cubic  yards  of  excavation,  of  which  alx>ut 

1 200,000  have  been  removed  to  date,  are  handled  by  three  of  the 

Road's  steatn  shovels,  material  being-  removed  to  the  outskirts 

of  the  city  and  used  for  filhng  in  trestles  and  widening  fills. 

While  most  of  the  digging  has  been  in  sand  and  gravel,  the 

I  shovels  have  been  frequently  delayed  by  old  foundation  walls 
and  the  soft  wet  groutid.  the  new  drainage  system  not  being  in 
operation.  Regular  traffic  on  the  main  Hne  also  prevented  the 
prompt  removal  and  delivery  of  cars.     Under  these  conditions. 


rOVSDATlOS    FOR    LTNION    ST.    RETAINING   WALL.      STEAM    UAMMER 
DRIVING   SHEET    PILING  IN    BACKGROUND* 

the  best  day's  work  for  one  shovel  was  3000  cubic  y^rds  and  for 
the  three  shovels  6000  cubic  yards.     Some  <^f  the  abutments 
and  retaining  walii>  were  started  in  trenches  while  the  excava- 
[tion  was  in  progress,  the  core  being  removed  later. 

Drainage  System, 

Perhaps  the  most  important  problem  on  the  work  is  that  of 

'  securing  adequate  drainage.     The  sandy  soil  permits  water  to 

'pass  freely  though  Jt,  while  the  ground  slopes  toward  the  Cut 

nearly  everywhere  except  at  the  street  crossings.     The  North- 
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ampton  tut  also  brings  in  considerable  water.  It 
that  a  high  tide  and  rain  storm  at  the  same  time  would  fl 
proposed  depressed  tracks  unless  pumps  or  some  other 
were  introduced  for  removing  Uie  water.  The  writer 
several  occasions  within  the  past  two  years  and  a  half  on 
even  the  present  tracks  were  submerg:ed.  The  riin*ol 
figured  on  the  basis  of  maximum  rainfall  on  frozen  grot 

The  proposed  drainage  summit  is  at  Franklin  street 
this  point  eastward  there  is  a  cast  iron  pipe  line  between  I 
draining  by  gravity  into  Mill  river.  From  the  snmmit 
ward  t*»  Water  street,  a  similar  pipe  line  has  been  laid,  si 
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with  a  diameter  of   i6  inches,  increasing  to  36  inches 
Crete  manholes  (see  p.  76)  are  located  about  300  feet  ap 
manlKde  being  connected  with  a  cross  drain  extending  til 
width  of  the  Cut:  sniall  concrete  receiving  basins  being 
between  each  two  tracks  and  at  the  foot  of  wall  or  sloj 
main  pipe  descends  on   a  grade  of  0.06  per  cent- 
street,  where  the  bottom  of  pipe  is  nearly  hve  feet  be 
higli  water,  the  harbor  being  about  1500  feet  further] 
design  of  the  pumping  plant  now  being  installed  at  Wl 
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was  suggested  by  Mr.  E.  H.  McHenry,  Vice  President  in 
charge  of  engineering. 

The  pipe  line  enters  the  pumping  chamber  by  a  branch  from 
the  main  line.  This  branch,  with  a  muck  rack  at  its  head,  is 
formed  in  an  underground  concrete  chamber  containing  two 
sets  of  self-acting  tide  gates  just  below  the  branch.  The  roof 
of  the  chamber  is  made  amply  strong  for  tracks  to  be  placed 
over  it  and  is  pierced  by  suitable  hatchways.  Below  the  tide- 
gate  chamber,  in  the  direction  of  normal  flow,  the  outlet  from 
the  pumps  joins  the  main  pipe  line.  In  other  words,  a  plan  of 
this  system  forms  a  triangle  whose  base  is  the  tide-gate 
chamber,  apex  the  pumping  chamber  and  two  sides  the  inflow 
and  outflow  of  the  pumps.  Normal  gfravity  flow  passes  only 
through  the  base.  The  pumping  chamber  is  of  concrete  and 
contains  two  vertical,  submerged,  bottom  suction  15-inch  cen- 
trifugal pumps  of  a  normal  capacity  of  6000  gallons  a  minute 
each  against  a  lo-foot  head  at  378  r.p.m.,  an  occasional  speed  of 
450  r.p.m.  being  provided  for.  The  motor  house  is  built  on  the 
walls  of  the  pump  chamber,  and  contains  two  50  horse  power, 
horizontal  d.c.  motors,  connected  by  bevel  gears  to  the  pump 
shafts. 

At  low  tide  the  flow  from  the  Cut  passes  through  the  open 
tide  gates  and  on  to  the  harbor.  Tide  backing  up  closes  the 
gates  and  turns  the  flow  through  the  upper  branch  into  the 
pump  cliamber.  The  motors  are  started  by  Cutler  Hammer 
starting  devices  connected  with  floats  so  arranged  that  one 
pump  starts  at  a  diflferent  water  level  than  the  other.  The 
whole  arrangement  is  such  that  the  pumps  force  the  flow 
towards  the  harbor  against  the  tide.  The  horizontal  motors  and 
bevel  gears  are  used  instead  of  direct  connected  vertical  motors 
because  no  suitably  formed  and  speeded  vertical  motors  could 
be  found,  while  submerged  pumps  are  used  to  avoid  suction 
and  priming  difficulties  as  well  as  danger  of  leakage  in  the  suc- 
tion pipe,  it  being  desirable  to  have  the  working  of  the  plant 
entirely  automatic. 

Temporary  Work. 
Considering  for  a  moment  the  large  amount  of  temporary 
bridge    work,   we    see   that   much   of   it   was   only   necessary 
because  of  the  Road's  agreement  to  keep  alternate  streets  open 
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to  traffic ;  except  Gran<l  avenue  and  Qiapel  street,  which 
to  be  always  in  service.     These  latter  are  the  largest  piece 
temporary  highway  constructioji  we  have.     In  all  cases, 
were  spaced  to  clear  the  pier,  abutment,  tcmjxjrary  and 
ntanent  track  sites  in  so  far  as  tl^y  could  be  foreseen,  sujiic 
headroom  for  tlie  passage  of  the  larger  sicam  shovels 
also   figured  on.      C1iai>el   street   is   the  only   case   where 
temporary  bridge  had  to  be  built  before  the  excavation  of  J 
Mreet.    This  was  done  by  closing  half  the  street  width  to  tr 
and  driving  pile  In-'nts  thmngh  the  street  surface:   these 


^   *i 


.%,^ 


% 


<o^ 


erjection;  grand  ave.  tempohary  n&ibcn,  tracks  ik  servicS 

UNDERNEATH. 


were  capped,   stringers  and  trolley  rails  placed,  flooring 
on,  and  traffic  turned  on  to  the  new  structure  ;  thus  leaving  j 
core  underneath  entirely  free  for  excavation  by  steam  she 
All  floors  are  on  8-inch  by   1 6-inch  y^p.  stringers  thnroug 
tied   together,    drift   bolted    and   spaced   to   accommodate 
various    spans.      Trolley    rails    are    spiked    directly    to 
stringers  and  pipes  are  carried  on  floor  plank  projecting 
side  the  fences.     At  some  closed  streets  foot  bridges  have 
erected  as  an  accommodation  to  the  public. 
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At  Mill  River  the  former  stone  arch  bridg'e  occupied  part  of 

le  site  of  the  proposed  structure-     A  teniporar>^  run  around 

restle  with  phte  girder  channel  span  is  in  service  at  this  point. 

order   to   shift   tracks  on   to  the  trestle   without  materially 

anging  their  arrangement  at  this  rather  tmpfjrtant  junction 

>int*   a  complete   new   signaling  and   interlocking  plant   was 

itstalled.  and  traffic  turned  on  to  the  temporary  work  a  track 

a  time  on  a  Sunday  when  trains  movements  are  compara- 

Ively  few.     The  olrl  arch  bridge  was  then  removed,  the  key* 

>nes  being  drilled  and  blown  out  with  dynamite.     In  several 
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SlCt*ORARY    BELLE    DOCK     JL  NCTION    AND    PART     OF   SITE     OF    MILL    RIVER 

BRIDGE.      contractor's   TRESTLE   ON     THE   LEFT.    FORMER 
L*  STONE   ARCH    IN    THE   CENTER*    TEMPORARY 

TRESTLE    ON    THE     RIGHT, 

ases,  the  strength  of  the   mortar  kept  the  arch   liaunches  in 
ace  after  the  removal  of  the  keystones. 

Concrete, 
The  concrete  on  the  Inii>rovement,  about  80,000  cubic  yards, 
of  which  20,000  is  reinforced,  is  principally  used  in  the  retain- 
ing walls  and  abutments.  Standard  abutment  and  retaining 
wall  sections  are  shown  on  the  accompanying  sketchy  piles 
being  put  in  pier  and  abutment  foundations  where  necessary. 
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Good  sand  is  obtainable  at  nearly  all  points  on  the  work, 
while  stone  is  obtained  from  the  old  walls  and  foundations. 
A  1 :  3 :  5  mixture  is  used  for  foundations  and  body :  coping, 
bridge  seats  and  parapets  being  1:2:4.     Good  clean  stone  are 


l)laced  in  tlie  l)()(]y  concrete  of  walls  and  abutments,  and  the 
wall  faces  arc  finished  by  placing  an  iron  shield  8  inches  by 
()  feet  inside  the  forms  and  3  inches  from  them,  the  3-inch 
sjKice  beinj^  filled  with    1  :  3  mortar  after  depositing  the  body 
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concrete.  The  shield  is  then  pulled  up  to  the  t<>p  of  the  body 
Crete  and  the  process  repeated.  Immediately  after  the 
removal  of  tlie  forms,  the  wall  faces  are  scrubbed  with  wooden 
floats,  so  as  to  give  as  good  a  iiiiisb  as  possible.  Expansion 
joints,  iinislied  on  the  face  with  a  i-inch  V-shaped  groove,  are 
spaced  about  30  feet  apart.  The  most  complicated  piece  of 
concrete  work  is  encountered  in  Fair  street  bridge,  where  a 
portion  of  Union  street  crosses  the  east-1x)und  tracks  on  a 
long  skew  suppirted  by  a  number  of  concrete  brackets  of  vary- 
ing length  and  depth  projecting  from  the  abutment  face,  their 


■:^: 


.111 


FINISHING  THE   FACE  OF  A   SECTION    OF   RETAINING   WALL. 


tSmer  sides  conforming  to  the  intrados  curve  of  the  regular 
bridge  arches.     (Jlive  street  abntnients  present  some  unusual 

I  features.  They  are  on  a  skew  curve,  and  not  y>arallel  to  each 
other  or  tu  the  center  line  of  iniprovcmeut»  this  irregularity 
being  due  to  a  change  in  track  spacing,  which  is  worked  out  on 
the  curve  at  this  point.  The  various  seats  for  truss  pedestals 
and  floor  beams  are  at  different  elevations  and  the  parapet  is 

Ion  a  vertical  curve,  all  of  which  complicates  the  calculations 

[and  lavout  somewhat. 
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Track  Work. 
In    connection   with   the   track   work,   both   temporary    and 
])crmanent,  the  aim  has  been  to  leave  traffic  entirely  undis- 
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tnrbtd,  the  only  exception  to  this  rule  thus  far  being  in  the  use 
of  one  main  line  track  on  Sundays,  when  old  bridges  had  to 
I)e  removed,  or  new  ones  erected.     At  no  time  have  both  tracks 
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been  out  of  service  at  the  same  time  because  of  the  construc- 
tion. It  is  necessar>-  to  complete  the  two  south  spans  of  tlie 
concrete  bridges  and  turn  traffic  under  them  a  track  at  a  time* 
before  their  northerly  portions,  directly  over  the  present  tracks, 
can  be  built.  This  condition  makes  possible  tlie  combination  of 
temporar\-  and  pennanent  bridge  at  Fair  street.  The  situation 
is  compHcated  by  the  fact  that  no  two  adjacent  bridges  reach 
the  same  stage  of  completion  at  the  same  time:  necessitating' 
a  very  crooked  temporary  alignment  and  several  changes  in 
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CtRVEU   EAST  ABUTMENT,    OLIVE   ST.    BRIDGE.       PRESENT   TR>\rKS   UN    THE 
RIGHT,   GRAND  AVE.   TEMPORARY    BRIDCK  IN   BACKGROUND. 


j^ade.  Temporary  and  pennancjit  track  and  some  of  tlie 
bridge  and  wall  work  are  held  up  at  the  present  time,  as  it  is 
inadvisable  to  throw  track  dawn  on  to  the  low  leyel  until  the 
permanent  pumping  plant  is  in  operation. 

The  writer  is  indebted  to  Mr.  C\  R.  Harte,  member  of  tlie 
Society,  for  most  of  the  pictures  shown  with  this  papen  The 
plans  are  from  tracings  in  the  Improvanent  Office,  nx>st  of 
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which  were  prepared  under  Mr.  Harte's  supervision.  The 
Engineering  force  at  present  consists  of  14  men;  Mr.  M.  C. 
Hamilton,  formerly  Engineer  Maintenance  of  Way  of  the  New 
York  Subway,  is  in  charge,  Mr.  J.  M.  Sullivan,  Jr.,  takes  the 
field  work,  and  the  writer  has  charge  of  the  plans  and  designing. 
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LAYING  OF  SUBMERGED  PIPES: 

By  Frederick  S.  IVardwell. 

Early  in  the  spring  of  1904,  the  City  of  Stamford  installed  a 
system  of  sewerage  for  the  east  side  of  the  city,  necessitating  an 
outfall  into  Long  Island  Sound.  The  specifications  called  for  a 
"twenty-inch  cast  iron  ball  and  spigot  pipe/'  one  half  of  which 
was  to  be  laid  from  mean  low  water  to  a  depth  of  five  feet 
below  mean  low  water  at  its  oflf-shore  end ;  the  joints  of  the 
pipe,  if  floated,  were  to  be  of  yarn  and  cold  lead  well  calked; 
the  joints  of  pipe  which  were  to  be  placed  singly  were  to  be 
of  cement  and  yarn,  made  as  follows :  A  skein  of  yarn  soaked 
in  cement  grout  was  to  be  calked  in  the  joint,  the  joint  was  then 
to  be  filled  with  stiff  cement  mortar,  then  another  skein  soaked 
in  grout  was  to  be  calked  to  the  face  of  the  joint,  making  a 
joint  flush  with  the  bell  of  the  pipe. 

As  the  specifications  contained  the  following  paragraph :  "All 
material  lost  during  the  construction  of  the  work  shall  be 
replaced  by  and  at  the  expense  of  the  contractor,"  I,  doubting 
the  adaptability  of  the  above  methods  of  making  joints,  asked 
the  engineer  in  charge  to  pennit  me  to  use  hot  lead  for  the 
off-shore  half  and  red  lead  and  yarn  for  the  in-shore  half. 

The  problem  presented  was  the  laying  of  one  thousand  feet 
of  twenty-four  inch  bell  and  spigot  pipe,  weighing  one  hundred 
and  thirty-nine  pounds  per  lineal  foot,  upon  a  sandy  bottom, 
the  grade  of  which  was  considered  true  enough  without 
preparation. 

After  looking  the  situation  over,  I  decided  to  lay  the  outer 
half,  or  that  part  from  mean  low  water  off-shore,  in  one  section. 
We  found  a  place  upon  the  beach  about  a  thousand  feet  from 
the  site  of  the  work,  where  the  bottom  was  hard,  fairly  level 
and  comparatively  clean ;  upon  this,  at  about  three  feet  below 
mean  high  water,  we  laid  five  hundred  and  four  feet  of  the  pipe 
upon  blocking,  being  very  careful  that  it  was  level  and  straight. 

All  joints  were  made  with  hot  lead  and  thoroughly  calked  as 
if  for  internal  pressure.     We  took  great  care  in  making  the 
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joints,  as  I  had  abandoned  all  previous  plans  of  my  own  and 
those  of  others,  freely  given,  for  tying  the  pipe  together  to  pre- 
vent the  joints  from  pulling  apart,  should  the  sea  start  to  run 
high  during  the  floating  to  position. 

This  pipe,  when  both  ends  were  closed,  lacked  approximately 
seven  per  cent,  of  buoyancy  sufficient  to  float  itself,  but,  in  order 
to  have  a  factor  of  safety,  we  attached  in  pairs  one  hundred  and 
iwenty-six  empty  oil  barrels,  the  preparation  of  which  I  will 
say  more  of  later. 

No  precaution  was  taken  other  than  has  been  mentioned  for 
keeping  the  pipe  in  alignment  or  surface  while  in  transit.  A 
wooden  disk  was  made  for  each  end;  that  for  the  spigot  and 
off^-shore  end  contained  three  two-inch  auger  holes  plugged  with 
ordinary  pine  plugs,  to  govern  the  air  and  partially  govern  the 
time  of  sinking;  the  in-shore  end  was  made  solid,  but  so 
arranged  that  it  could  be  easily  removed. 

The  morning  of  floating  we  started  to  fasten  the  oil  barrels 
as  soon  as  the  tide  had  receded  enough  to  allow  the  men  to 
work.  Our  preparations  were  made  fully  an  hour  before  the 
tide  returned  to  the  pipe,  which  was  lifted  at  one  end  probably 
thirty  seconds  before  the  other,  owing  to  the  small  waves  strik- 
ing that  end  first. 

A  day  was  selected  when  there  was  but  little  motion  to  the 
surface  of  the  water  and  but  little  prospect  of  wind,  liefore 
the  pipe  was  lifted,  eight  rowboals  were  attached  at  regular 
intervals  by  tow  lines.  When  the  pii)e  was  clear  from  the 
blocking  there  was  n<^  trouble  in  towing  it  to  place  alongside 
of  the  guide  piles  that  had  been  driven  in  alignment.  After 
coming  alongside  the  piles  we  had  some  trouble  in  getting  the 
pipe  in  alignment,  but  finally  succeeded. 

My  idea  had  been  all  along  when  designing  the  lashing  for 
the  barrels,  that  they  would  have  to  be  cut  aw^ay  practically 
simultaneously.  That  idea,  however,  was  erroneous,  and  in 
fact  not  desirable,  as  will  be  shown  in  illustrations  Figs,  i,  2, 
3  and  4  of  the  Shippan  I'oint  Land  Company's  pipe. 

When  dropping  the  pipe,  men  were  placed  at  regular  inter- 
vals with  axes  to  cut  the  lashings :  one  man  released  the  in-shore 
disk,  and  another  man  controlled  the  air  valves  or  plugs  at  the 
off-shore  end.  All  realized  that  an  air  trap  at  any  portion  of 
the  pipe  was  liable  to  result  seriously.    We  arranged,  therefore, 
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submerge  the  in-shore  end  before  letting  the  air  out  of  the 
off-shore  end. 

When  word  was  given  to  cut  away,  it  was  high  tide, — seven 

*  feet  six  inches  of  water  at  one  end,  tw^elve  feet  and  six  inches 
^h|t  the  other.  The  pipe  was  dropped  in  just  one  minute.  A 
^Briendly  wind  came  up  meanwhile  and  drove  our  released  barrels 
^■ip  on  the  beach,  but  in  later  work  we  provided  against  the 
^possibility  of  a  wind  from  off  shore. 

The  engineer  in  charge  inspected  the  w*ork  at  low  tide,  with 
the  result  that  no  part  of  the  pipe  was  touched  afterwards. 
The  other  section  of  the  pipe,  that  from  mean  low  water  to 

*  high  water,  was  laid  as  would  be  any  other  pipe  except  that  the 
joints  were  made  up  with  yarn  soaked  with  red  lead  and  oiL 

^b  I  attribute  the  success  of  this  piece  of  work  to:  First,  having 
^Bttie  pipe  so  true  to  surface  and  in  such  a  position,  that  when  it 
Vwas  lifted,  all  parts  hfted  at  practically  the  same  time,  as  at  no 
time  afterwards  is  there  so  great  a  strain  on  the  joints  as  when 
the  h'ttle  weaves  are  just  breaking  on  the  beach  and  lifting  the 
pipe;  second,  there  being  no  defective  joints  or  pipe;  third, 
the  perfect  lashings  for  the  oil  barrels ;  fourth,  having  control 
of  the  air  in  the  pipe;   and  fifth,  having  men  that  can  and  are 

I  filling  to  swim. 
I  For  the  lashings  for  the  barrels  I  had  steel  wire  made»  a 
bNo,  4  gauge,  that  would  stand  a  tensile  strain  of  eighteen  hun- 
dred pounds  and  which  proved  fairly  satisfactory ;  at  the  pres- 
ent time,  however,  I  am  using  a  No.  6  B  and  B  telegraph  wire, 
a  regular  stock  article  which  stands  the  twnsting  much  better. 
^^     In  making  lashings  for  the  barrels,  in  order  to  get  the  lengths 
^Bind  shapes,  we  blocked  up  one  piece  of  pipe  a  few  inches  from 
the  ground  and  placed  oil  barrels  parallel  with  the  pipe,  one  on 
each  side,  so  that  the  center  of  the  oil  barrel  came  a  few  inches 
above  the  center  of  the  pipe ;   we  cut  a  piece  of  wire  just  long 
^fcnough  to  reach  around  one  barrel  under  the  pipe  where  it  was 
^^hvisted  four  times,  then  it  was  passed  around  the  other  barrel, 
leaving  an  eye  in  each  end  of  the  wire,  in  one  of  which  there 
^b^^as  spliced  a  f:8-inch  man  ilia  rope.     When  the  barrels  were  in 
^■position  tile  hitch  would  be  on  top  of  the  barrel  and  all  on  one 
side  of  the  pipe.    Two  w*ire  straps  were  required  for  each  set  of 
irrels,     (This  you  will  see  illustrated  in  photograph  Fig.  I.) 
Before  the  day  that  the  pipe  is  to  be  floated,  these  straps  are 
[placed  upon  half  of  the  number  of  barrels  that  are  to  be  used, 
6 
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and  all  that  is  necessary  to  place  them  in  position  is  to  take 
two  turns  of  the  rope  and  half  a  hitch. 

The  Siuppan  Point  Land  Company. 

The  Shippan  Point  Land  Company's  proposition,  while  con- 
taining' only  one  himdred  and  ninety-two  feet  of  pipe*  was  the 
more  difficult.  The  location  was  exposed  to  almost  eveiy 
wind;  about  every  large  wave  from  a  Sound  steamer  made 
itself  felt  before  dying  out  upon  the  beach;  the  shore  was  verr 
rocky »  giving  iis  much  trouble  to  get  a  clear  space,  on  which  lo 
lay  the  pipe  before  floating;  the  bottom  had  to  be  cleared  by  a 


fiii,  I. 


diver  and  the  new  pipe  had  to  be  connected  with  a  pipe  already 
in  use.  This  pipe  was  Standard  twenty-inch  Ward  joint,  weigh- 
ing a  little  over  two  hundred  and  sixteen  pounds  per  lineal  foot. 
Nearly  seven ty- five  pounds  of  lead  was  used  for  each  joint. 
The  pipe  was  laid  precisely  as  was  that  for  the  outfall  for  the 
citVi  with  the  exception  that  the  joints  were  run  with  hot  lead 
and  were  not  calked.  The  lifting  and  floating  were  very  similar. 
In  photograph  Fig.  i,  is  shown  the  pipe  just  as  it  was  starting 
to  lift;  in  photograph  Fig.  2,  the  pipe  is  about  half  way  into 
position:  in  photograph  Fig,  3,  the  in-shore  end  of  the  pipe  has 
been  brought  into  the  guide  frame  at  the  end  of  the  pipe,  already 
placed,  %vbich  is  exposed  at  very  low  tide.    A  tackle  block  has 


been  placed  at  the  in-shore  cud,  and  one  at  the  off-shore  end. 
fastened  to  a  submerged  boulder.  A  strain  was  taken  upon 
both  in  order  to  bring  the  pipe  into  aHgnment. 
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In  dropping  dits  pipe,  vrc  first  removed  the  disk  at  tbe 
tii-sbore  end.  One  two-inch  plug  m  the  off-shote  drdc  wm 
taken  out  when  the  iu-shore  end  was  below  the  surface.  We 
look  more  time  to  cut  away  the  barrels  frooi  this  pq>e  than  we 
did  those  for  the  cit\  *s  work.  This  oabled  us  to  get  the  pipe 
into  alignment,  which  was  partfculariy  hard,  the  wind  havtcf 
come  op.  We  cut  just  enough  barrels  alocig  the  Bae  of  the  pipe 
to  let  It  siidt  skvwhr  and  afterwards  sent  down  a  ffirer  to  cm 
loose  the  barrels  that  went  diown  with  the  pipe.  We  started  to 
place  the  barrels  under  this  pipe  at  8  a.  m,  ;  the  pipe  was  in  po^ 


win.  4- 


tStoa  and  all  barrels  above  the  high  water  mark  on  the  beach  at 
one  o'clock-  On  the  next  moniing*s  low  tide  we  focmd  the  in- 
shore end  of  the  net%Iy  submerged  pipe  to  be  one  nidi  away 
from  the  pipe  in  use,  three  inches  higher,  and  two  inches  oat  of 
•  nL    Two  men  xnad^  tt  fast  a-  '  ^  -  ^ed  the  sleeve  oa  in 

J  half  hour.    In  only  one  j  .we  find  the  kad 

beyond  die  belL 

Shelton  Water  Maxjc* 

The  most  difficult  piece  of  submerged  pipe  laying  that  I  ever 
had  was  diat  of  the  twentv-tncb  flanged  joint  pipe  for  the  Shel* 
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ton  Water  Company,  across  the  Housatonic  River,  just  below 
the  dam  of  the  Ousatonic  Water  Company. 

This  submerged  pipe  bad  to  stand  a  pressure  of  one  hundred 
and  forty  pounds  to  the  square  inch ;  a  trench  had  to  be  exca- 
vated from  the  bottom  of  the  river  from  two  feet  to  six  feet 
deep :  the  material  to  be  excavated  mostly  around  clean  gravel, 
containing  not  over  twenty  per  cent.  sand,  under  which  was 
hardpan, — -too  hard  for  any  ordinary  dredging  appliances  to 
remove;  we,  therefore,  had  to  dredge  out  to  this  hard  bottom, 
making  the  pipe  conform  to  it  with  specials,  We  expected  to 
do  the  trenching  w  ith  a  jet  from  the  water  main,  but  owing  to 
the  mobility  of  the  material,  we  were  unable  to  make  satis- 
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FIG.    5. 


kactory  headway.    After  a  two  days  experiment  with  the  water 
et  in  a  four- foot  cut,  we  had  a  space  about  fifteen  feet  long, 
if  teen  feet  wide  and  about  eighteen  inches  deep.     As  this  was 
making  money  in  the  WTong  direction*  we  built  a  dredge  upon 
oil  barrel  floats,  as  is  illustrated  in  photograph  Fig.  5.  We  were 
^^bliged  to  put  a  length  of  pipe  in  the  trench  as  soon  as  it  was 
^Kxcavated«  in  order  to  save  it    Having  this  in  mind  when  build- 
'     ing  the  dredge,  we  used  two  floats  instead  of  one,  fastening 
^them  together,  leaving  a  space  of  about  three   feet  between 
lem,  through  which,   from  an  ordinary  tripod  derrick,   we 
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lowered  the  pipe  and  a  diver  bolted  it  to  the  length  previously 
laid. 

The  speed  of  this  work  depended  very  much  upon  the  current 
of  the  river,  which  varied  from  day  to  day.  Some  days  we 
could  lay  one  pipe,  quite  often  two  pipes,  but  seldom  three.  At 
that  part  of  the  work  in  which  we  wanted  a  four-foot  trench, 
we  had  to  make  it  from  eight  to  twelve  feet  wide  at  the  top  in 
order  to  keep  it  clear  long  enough  to  place  one  length  of  pipe ; 
still,  under  such  adverse  conditions,  the  pipe  stood  the  test  of 
one  hundred  and  forty  pounds  per  square  inch  and  is  now  well 
covered  and  shows  no  defects. 

The  only  part  of  this  work  that  was  at  all  unusual  was  the 
loose  shifting  strata  covering  the  hard  bottom  and  the  rapid 
current,  making  it  impossible  to  prepare  any  length  of  trench 
ahead. 

There  is  one  matter  to  which  I  would  like  to  call  your  atten- 
tion:— in  three  abandoned  pipes  that  I  have  removed,  one  had 
been  down  about  sixteen  years,  another  eight  years  and  a  third 
but  one  year;  in  all  these  pipes  there  was  a  larger  amount  of 
sediment  than  is  usually  found  in  water  mains.  In  the  ten-inch 
pipe,  that  had  been  down  sixteen  years,  the  diameter  had  been 
reduced  to  six  inches.  This  uniform  coating  on  the  interior 
circumference  of  the  pipe  was  so  hard  that  a  brisk  pounding 
with  hand  hammer  upon  the  outside  did  not  entirely  remove  the 
scale,  which  apixiared  to  consist  of  loam  and  rust.  I  know  of 
no  reason  for  this,  other  than  that  these  pipes  were  at  the  lowest 
point  of  the  system.  It  would  appear  that  some  provision  should 
be  made  for  frequent  blowing  off  of  all  submerged  water  pipe 
traps.  This  ten-inch  pipe  mentioned,  after  being  buried  sixteen 
years  in  salt  water  nuid,  upon  being  washed,  the  outside  was 
as  bright  as  new. 


the  Connecticut  River  between  the  towns  of  Lyme  and  Say- 
brook.  Accordingly,  about  the  middle  of  May,  1905,  under 
the  supervision  of  Mr.  C  M,  In^ersoll,  Jr.,  and  upon  his 
resignation,  of  Mr.  Edward  Gagel,  Chief  Engineer,  with  Mr, 
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R,  M.  Berrian  as  the  Assistant  Engfineer  of  CoastnictioB 
directly  in  charge,  work  was  commenced  on  the  substructure 
of  a  new  four-track  bridge  located  about  250  ft  south  of  the 
old  structure.  The  present  intention,  however,  is  to  put  imo 
position  superstructure  for  the  two  south  tracks  only. 

The  new  bridge  consists  of  nine  piers  and  two  abutments 
supporting  seven  double-track,  pin-connected,  through  trusses 
182  ft.  center  to  center  of  end  pins,  two  plate  girder  spans  38 


LOOKJNU    WEST   FROM    PIER    NO.   9   DURING   CONSTRUCTION, 

and  JO  ft.  long,  and  a  double-track,  riveted,  through  truss 
Scherzer  Rolling  Lift  Span  i6i  ft.  long.  The  distance  from 
base  of  rail  to  high  water  is  25  ft.  and  between  abutments  is 
1,564  ft 

The  west  abutment  is  built  on  piles  spaced  2  ft.  center  to 
center  wuth  two  rows  of  batter  piles  along  tlae  front,  all  driven 
with  a  drop  hammer.  Before  these  were  pot  in,  and  in  order 
to  reduce  the  thrust  of  the  fill  against  the  back  of  the  abutment. 
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the  mud  flat  where  tlic  abutment  is  located  was  dredged  out 
for  a  distance  of  about  lOO  ft.  back  of  the  abutment  to  a 
depth  of  15  ft.  below  low  water,  at  which  elevation  fine  sand 
was  encountered.  After  the  abutment  was  completed  this  was 
filled  in  with  gravel  and  raised  up  to  subgrade.  The  piles  were 
sawed  oflF  9  ft.  below  low  water  and  a  cofferdam  was  then 
driven  around  them,  after  which  the  space  between  the  piles 
was  filled  up  with  crushed  stone  to  two  feet  below  cut-off.    Con- 


PIEKS   NO.  2  AND  NO.    I    (PARTIALLY  COMPLETED). 

Crete  of  a  1:2:4  mixture  was  tlien  deposited  mider  water  up  to 
3  ft.  below  low  water,  at  which  point  the  coursed  ashlar  of 
the  shaft  and  wings  was  started  and  carried  up  to  high  water. 
A  large  amount  of  heavy  riprap  was  then  placed  against  the 
back  to  give  a  lateral  thrust  against  the  abutment,  and,  as  a 
dry  wall,  ultimately  to  help  support  the  fill.  Only  a  slight 
forward  movement  being  noted,  the  abutment  was  then  carried 
1  up  to  completion. 
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In  tMiildiiig  piers»  Xo*  t,  No.  a,  and  Xo.  5*  all  of  whidi  biii'c 
the  same  dimensirNns,  open  c^ssoos  restmg  cm  piles  were  used. 
The  river  bed  was  dredged  om  to  a  depth  of  35  ft  below  Ugh 
water.  The  material  encotmtered  bdow  this  bds^  a  vcr>*  com* 
pact  coarse  sand*  eoosidcrahle  diffioikr  was  ca[perkoced  io 
driving  ptks  widi  a  drop  hammer  and  follower*  10  a  waler 
jet  was  used  very  sticc€S«if  oHj.  The  piles  were  sawed  off  J2 
ft.  below  high  water.    Cmsbed  stone  was  then  placed  betweco 
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the  piles  and  leveled  off  llush  with  their  ti3ps  by  a  dtver.  Tlie 
first  section  of  the  caisson,  which  had  as  a  biittom  a  grillage 
4  X  2a  X  104  ft-  consisting  of  one  transverse,  two  diagonal  and 
one  I  '  nal  course,  all  of  12  x  12  in,  yellow  pim 

and  li  IS  5  tt-  above  tlie  grillage,  was  then  bron- 

position,  securely  moored*  and  masonry  laid  therein  until  the 
sules  were  about  4  ft.  above  the  water.  Then  another  section 
15.5  ft.  high  was  added  on  and  die  masonry   work  resumed- 


PIERS  NO.   2  AND   NO,    I    AND   WEST    ABUTMENT    (PARTIALLY   <  OMPLhnLI 


The  north  end  of  each  pier  is  built  as  an  ice  breaker,  al! 

I  stones  therein  being  doweled  and  clamped  together.  Under  all 
biers  built  in  open  caissons,  570  piles  were  driven  in  57  rows 
pi  10  piles  each.  As  soon  as  a  pier  was  completed  it  was 
ripraped  sufficiently  to  protect  it  from  all  possible  scour. 

Piers  4  and  5  were  built  in  the  same  manner  as  1,  2  and  3. 
with  the  exception  that  the  piles  were  cut  off  39  and  43  ft., 
-jrespectively,   below   high    water,   thus   necessitating  the   addi- 
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lion  of  a  third  section  of  ten  feet  being  added  to  the  caisson 
sides.  The  g^llage  on  these  two  piers  was  five  feet  thick. 
Strong  triangular-shaped  anchorages,  well  braced  by  batter 
piles  and  riprap,  were  driven  just  above  the  caissons,  to  which 
the  latter  were  moored  while  being  sunk.  Fenders  were  driven 
around  the  other  three  sides,  so  that  the  caissons  could  not  get 
far  out  of  position. 

The  river  bed  under  piers  6.  7  and  8.  was  bare  bed  rock, 
quite  rough.  40  to  30  ft.  below  high  water.  Crushed  stone 
was  dumped  in  to  a  depth  of  about  10  ft.,  through  which  piles 
were  driven  by  a  drop  hammer.  They  were  sawed  off  at  28, 
23  and  iS  ft.  below  high  water,  and  additional  stone  dimiped 
in  and  leveled  ort  rtii>h  with  the  top  of  the  pile  heads.  Open 
caissjns  were  then  employed  as  before.  After  the  masonr\- 
•.vas  c-mpleted  these  piers  were  ver\-  heavily  ripraped. 

At  pier  9,  bed  nxrk  was  encountered  abi3ut  12  ft.  below  high 
water.  o.»vered  by  an  8  ft.  layer  of  mud.  A  cofferdam  was 
driv^rn  to  pjck.  the  mud  excavated,  and  concrete  of  a  1:2:4 
:v.ixf.ir-e  depi.-sited  under  water  up  to  ab^ut  6  ft.  below  high 
varer.  a:  '.vhich  elevation  the  ashlar  work  was  started. 

The:  ea<t;  abutment  f->undation  was  built  the  same  as  that  of 
'jir^r  'J,  and  the  fhat:  and  wing?  were  practically  the  same  as 
:•"«.■ -«;  ■.■:  th-  -.vts:  ^bL:::::enc. 

".'r.-:  -•.:':■ -:ru-j::.: re  '.vas  o::::i''.ct:ed  in  the  latter  part  of  Aprii. 
;  .»:i.-.  :.-.:r  rx::v::i  carhcr  t::an  the  t::"ne  called  for  in  the 
■:■  r'ira-::. 

L>*^ri::^  :!'-j  ■:•■?: -tructi-r:  Mr.  R.  r.  Stoddard.  Assistant  Engi- 
::':':r.  N.  V..  \.  H.  i  H.  R.  R..  was  the  resident  engineer  in 
oi^ar^e,  and  Mr.  A.  P.  L.aw*  was  Superintendent  for  Daly  & 
ri'.-lbr'.i.'k.  ■:•.■:■  tract- .'rN. 

v>>':.c.    .V::v.    .V::-.    5v*:    C.    '£..    M  .•^r^    C?rp.    Src   C   E..   died   Xov. 
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II'.M.IMIONK   SlMiVVAV   CONSTRUCTION. 

Ity  luhi'ard  U.  Evcrit. 

\\  luU'  llu'  lu-rrssiiy  i>t*  si)ine  type  of  construction  that  would 
xlv  .iwax    Willi  ilio  rapivlly  increasing  number  of  aerial  wires 
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sand.  This  was  found  to  be  impracticable  on  account  of  the 
difficulties  experienced  when  it  became  necessary  to  repair  the 
cables  or  to  install  additions  to  the  existing  plant. 

The  Brooks  system  consisted  of  a  wrought  iron  pipe,  along 
which  coupling  boxes  were  placed  at  frequent  intervals.  It 
was  intended  to  make  service  connections  from  these  junction 
boxes.  An  grdinary  jute-covered  cable  was  pulled  into  this 
duct,  and  the  annular  space  between  the  cable  and  the  duct  was 
then  filled  with  a  resin  oil.  Leakage  was  taken  care  of  by  small 
reservoirs  perched  on  stand  pipes  which  were  connected  to  the 
system  at  the  apices  of  the  grades.  This  system  was  used  in 
Chicago,  Philadelphia  and  London  but  was  soon  abandoned 
on  account  of  the  nuisance  of  clearing  the  ducts  of  the  sticky 
compound  when  alterations  or  additions  were  necessary. 

Another  plan,  invented  by  Col.  Flad,  consisted  of  a  large 
pipe  into  which  smaller  pipes  were  placed,  arranged  so  that 
proper  joints  could  be  made  between  them. 

Early  attempts  were  also  made  to  build  concrete  subways. 
One  of  the  schemes  was  to  surround  lengths  of  collapsible 
mandrels  with  the  concrete,  the  idea  being  that  the  mandrels 
were  to  be  removed  \vhen  the  concrete  had  set.  It  was  also 
suggested  that  hollow  concrete  curbs  be  used  on  all  streets  and 
the  cables  installed  therein. 

A  type  of  construction  somewhat  similar  to  the  concrete 
construction  referred  to  above,  was  tried  out  in  New  York 
except  that  instead  of  using  the  collapsible  mandrels,  zinc  tubes 
were  used.  In  this  case  the  trench  was  first  lined  with  creo- 
soted  boards,  upon  which  was  placed  a  3  inch  bed  of  concrete. 
Upon  this  concrete  bed  the  zinc  tubes  were  placed,  separated 
from  one  another  about  2  inches.  The  spaces  between  these 
tubes  were  then  filled  with  concrete  with  another  bed  of  con- 
crete on  top  to  support  the  second  layer  of  tubes.  This  pro- 
cess was  continued  until  a  sufficient  number  of  tubes  had  been 
laid. 

It  was  found  in  practice  that,  owing  to  the  frailty  of  the 
tubes,  many  of  them  were  seriously  injured  by  the  workmen, 
either  by  walking  on  them,  or  by  ramming  down  the  concrete 
too  vigorously,  so  that  it  was  often  necessary  to  ream  out  the 
entire  subway  at  great  expense.  It  was  also  found  that  the 
zinc  tubes  were  \ery  susceptible  to  the  action  of  the  free 
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chemical  elements  in  the  concrete  and  in  the  street;  conse- 
quently they  corroded  and  fell  in  strips  into  the  ducts,  thus 
clogging  them  and  preventing  the  drawing  in  or  withdrawing 
of  cables. 

Another  scheme  that  is  rather  interesting  historically  was  one 
used  by  the  New  York  Fire  Department,  for  carrying^  their  fire 
alarm  circuits.  The  construction  consisted  of  a  closed  wooden 
box  in  which  were  placed,  at  short  intervals,  separating  wooden 
partitions.  These  partitions  had  small  holes  bored  through 
them  and  bare  copper  wires  were  drawn  through  the  holes  from 
one  end  of  the  box  to  the  other.  W'hile  these  wires  were  under 
tension,  the  box  was  filled  with  a  compound  of  paraffine  and 
resin.  It  was  found,  however,  that  tlie  wires,  when  the  tension 
was  removed,  gradually  settled  in  the  compound,  until  one  wire 
reached  its  neighbor,  resulting  in  crossing  out  the  circuits. 

The  Dorsett  system  consisted  of  moulded  multi-tubular  blocks 
made  of  a  compound  largely  composed  of  coal  tar  and  gravel. 
These  bk)cks  were  laid  on  a  carefully  prepared  bed  of 
concrete.  Compressed  paper  ferrules  which  had  been  treated 
with  asphalt,  and  were  supposed  to  be  impervious  to  water, 
were  slipped  into  one  end  of  a  block  and  the  next  block 
was  then  pushed  up,  over  the  ferrules,  toward  it,  until  the 
ends  of  the  blocks  nearly  met.  The  space  between  the  blocks 
was  then  filled  with  an  asphaltic  compound.  The  whole  struc- 
ture was  then  veneered  with  a  brick  surface  set  in  cement. 
Diftknlly  was  experienced  from  the  softening  of  the  paper 
ferrules  and  their  niisplacciiient,  so  that  at  times  when  cables 
were  pulled  in  enont^h  of  the  ferrules  were  picked  up  to  jam 
the  cables  in  the  duct.  Zinc  ferrules  were  then  tried  but  were 
not  successful.  It  wa-^^  also  found  that  the  system. was  very 
susceptible  to  heat,  and  consequently  if  it  was  installed  where 
it  was  so  exposed,  the  blocks  softened  and  collapsed. 

Indurated  iibre  was  tried  and  sij^nally  failed.  In  Philadel- 
])lna  it  was  spoken  of  as  "Molasses  Conduit,"  on  account  of 
the  fact  that  it  decomposed  and  f('»rme(l  a  froth  much  like  that 
on  molasses,  which  ran  into  the  manholes.  This  duct  was 
lart^^ely  treated  witli  a  composition  which  was  freely  acted  upon 
by  an  alkali,  and  beiujc;-  surrounded  by  concrete,  the  alkali  which 
was  supplied  sai)onified  the  treating  compound.  This  soap 
being  soluble  in  water,  caused  a  froth.     The  manufacturing 
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5f  this  tx'pe  of  conduit  has  been  abandoned,  but  a  new  wood 
fibre  conduit,  differently  built  up  and  treated  with  an  asphaltic 
compound,  is  now  being  produced  and  has  been  quite  success- 
fully and  extensively  used,  particularly  in  the  southwest. 

Creosoted  wood  duct  is  largely  used  in  many  places  and  has 
been  found  to  be  very  satis factor\\  Cast  iron  and  wrought 
iron  pipes  have  also  been  used  very  extensively,  but  have  been 
generally  found  to  be  impracticable,  and  now  wrought  iron 
pipe  is  only  used  where  the  nature  o(  the  work  makes  it 
nuperative. 

Cement-lined  iron  pipe  has  been*  until  very  recently »  the 
standard  form  of  construction  for  all  conduit  work  in  Con- 
necticut, This  conduit  is  composed  of  thin  strips  of  sheet 
iron  about  8  feet  long,  riveted  into  the  form  of  a^  cylinder  and 
then  hned  with  about  5^  inch  of  cement.  The  ends  are  pro- 
vided with  a  special  form  of  ball  and  socket  joint,  designed  to 
compensate  for  shght  inequalities  in  the  alignment,  and  also 
to  facilitate  laying.  While  this  type  of  duct  has  been  reason* 
ably  satisfactory  in  this  state,  it  has  been  found  that  there  has 
been  a  slight  action  between  the  alkali  of  the  concrete  and  the 
lead  sheath  of  the  cable.  This  gradually  decomposes  the  cable 
sheath  and  together  with  other  objectionable  features  has 
resulted  in  the  abandonment  of  this  type  of  construction. 

Probably  there  is  no  duct  material  so  universally  popular  at 
present  as  vitrified  clay  in  some  fomi.  It  has  great  advantages 
over  any  other  type  oj  construction  that  has  ever  been  adopted. 
The  material  is  cheap,  of  great  durability,  is  readily  handled 
by  unskilled  lalior,  and  certainly  has  no  injurious  effect  upcin 
the  cable.  Still  further,  inasmuch  as  it  is  practically  smooth 
on  its  interior  surface,  cables  are  pulled  in  w^ith  a  minimum 
amount  of  strain. 

Numerous  clays  and  combinations  of  clays  are  used  in  the 
manufacture  of  this  duct,  even  at  the  same  factory:  different 
samples  show^ing  upon  examination  varying  qualities  of  silica, 
iron,  and  fire  clay»  Very  little  seems  to  be  known  of  clay, 
except  that  it  is  decomposed  silicious  rock,  and  in  its  present 
state,  yiz^.  kaoHn.  is  probably  composed  of  alumina  and  silica 
alone.  This  combination  w^hen  burned  is  ver}^  porous. 
Laboratory  combinations  according  to  analysis  will  not  produce 
the  same  results  as  the  clay  analyzed,  so  that  probably  the 
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nianiKT  in  which  nature  has  combined  the  elements  influences 
their  action. 

Clay  suitable  for  this  type  of  work  must  therefore  be  selected 
experimentally ;  those  nwst  suitable,  however,  contain  alumina, 
silica,  lime  and  iron,  so  that  the  last  two  may  assist  in  the 
vitrification.  The  color  is  due  to  the  presence  of  iron,  a  red 
clay  showing  the  presence  of  a  higher  oxide,  yellow  a  lower 
oxide,  and  when  both  iron  and  lime  are  present  its  color  is  black. 

The  clay  should  be  plastic  and  smooth,  free  from  limestone 
and  pebbles,  and  should  contain  a  large  proportion  of  silica.     It 
should  be  tlio roughly  ground,  and  if  necessary,  should  be  mixed 
with   water  to  make  it  of  the  right  consistency   and   is   then 
forced  through  dies  of  the  proper  dimensions.     These  dies  arc 
designed  to  produce  cither  single  duct  having  a  round  bore  of 
approximately   ^^j^   inches   in   diameter  or  multiple   duct   con- 
taining either  2,  3,  4,  6,  or  9  cable-ways,  and  in  some  cases 
even    12  or    16.     The  single   duct  finished  conduit   is   usually 
18  inches  long,  tlie  nuiltiple  duct  of  the  smaller  size,  24  inches, 
and  nf  the  larger  sizes,  36  inches.     The  cable  way  in  the  mul- 
tiple duct  is  usually  33  s  inches  square  with  rounded  comers.     It 
is  rather  interesting  to  note  that  the  shrinkage  of  this  clay  in 
burning  amounts  to  nearly  10  per  cent.,  so  that  a  single  duct 
that  in  the  finished  product  is  to  measure   18  inches   long  is 
formed  up  nearly  JO  inches  long. 

The  clay  tube,  after  being  formed,  is  placed  in  a  drying 
room,  where  it  is  allowed  to  remain  for  several  davs.  that  is 
until  it  is  thoroui^hly  >easoned.  From  there  it  is  taken  to  the 
kilns.  The^e  kilns  are  of  varying  sizes,  but  usually  contain 
ahnit  JO,(xx>  feet  oi  duct  and  are  arranged  so  that  the  fire 
[Kisses  from  the  I'Utsitle  I'f  the  kiln  into  the  inside  at  the  top. 
r.tul  is  drawn  down  by  (.-xliau^t  draught  through  and  aroimd  tlie 
ducts  which  have  been  stacked  up  on  end  in  the  kiln.  The  fires 
are  started  i^Tadually  and  do  not  reach  their  maximimi  heat  for 
about  two  day<.  and  are  then  kept  at  this  ix)int  for  approxi- 
nialely  two  more  day-,  duriui::  which  time  the  contents  of  the 
kiln  are  at  a  white  heat. 

At  this  p.)int.  before  the  heat  is  retluccd,  a')mmon  salt  is 
thrown  on  the  tire  to  form  th.e  glaze  on  the  ducts,  which  is 
"lie  o[  the  reqtiirenient>  of  the  specifications  for  the  finished 
l)roduct.      The   tires   are   then   gradually   diminished   and   the 
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kiln  is  allowed  to  cool  for  approximately  three  days  more, 
so  that  in  all  the  duct  is  actually  in  the  kiln  for  about  a 
week..  It  is  then  removed  and  carefully  inspected  for  any 
imperfections  that  may  affect  the  cables  that  are  eventually 
to  be  pulled  through.  The  rejections  on  these  inspections 
vary  amazingly ;  some  kilns  have  been  known  to  run  not  over 
6  per  cent.,  while  others  run  as  high  as  90  per  cent.  The 
principal  causes  for  these  rejections  arc  poor  vitrification, 
crooked  duct,  bore  out  of  round,  and  blisters  or  other  imper- 
fections in  the  interior  surface.  Blisters  on  the  exterior  surface 
are  allowed,  provided  they  do  not  extend  too  deeply  into  the 
duct. 

While  the  above  processes  apply  more  particularly  to  single 
ducts,  the  methods  used  for  manufacturing  multiple  ducts 
arc  practically  the  same  and  need  not  be  described. 

Whenever  the  question  is  raised  as  to  the  proper  method  of 
taking  care  of  underground  structures,  or  rather  the  proper 
method  of  providing  for  underground  construction  of  various 
kinds,  practically  all  laymen  appealed  to  and  a  very  large  pro- 
p(:>rtion  of  engineers  will,  without  hesitancy,  state  that  a  system 
of  pipe  galleries  in  which  all  structures  underground  can  be 
placed  or  removed  without  in  any  way  interfering  with  the 
surface  of  the  street,  is  the  only  proper  solution  of  the  problem. 

One  or  two  cities  in  the  United  States  have  constructed  gal- 
leries of  moderate  length  but  practically  only  for  one  class  of 
structures.  Some  few  cities  in  England  are  also  so  equipped, 
notably  St.  Helens,  Nottingham,  and  some  of  the  outlying  dis- 
tricts of  Lx)ndon.  A  short  section  has  also  been  constructed 
in  Milan,  Italy,  but  probably  the  largest  and  most  comprehen- 
sive system  in  the  world  is  that  in  Paris.  In  1894  over  500 
miles  of  such  galleries  had  been  constructed  and  extensions  were 
proix)sed  for  some  300  miles  more,  some  of  which  have 
actually  been  built. 

These  Paris  galleries  range  in  size  from  6  feet  to  about  26 
feet  in  width,  and  in  them  are  placed  the  sewers,  which  are 
provided  for  simply  by  an  open  recess  at  the  bottom.  The 
water  pipes,  some  few  pneumatic  tubes  and  such  of  the  sig- 
nalling wires  as  are  under  the  jurisdiction  of  the  government, 
(and  it  may  be  stated  that  very  few  pipes,  etc.,  are  now  owned 
by  the  municipality,)  are  placed  in  these  sewers. 
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When  the  construction  of  these  sewers  was  begun  in  1830. 
it  was  intended  to  place  therein  all  sorts  of  underground  struc- 
tures, and  following  out  this  policy,  gas  mains  were  laid  with 
the  other  pipes.  Notwithstanding,  however,  the  extreme  care 
w^hich  was  exercised  by  the  city  authorities,  leaks  occurred 
resulting  in  explosions  which  were  so  far  reaching  and  dis- 
astrous in  their  effects  as  to  compel  the  authorities  to  exclude 
such  structures  from  the  sewers.  This  decision  was  not 
reached,  however,  until  Paris  had  experimented  with  the  gas 
mains  for  thirty-eight  years. 

Insulated  wires  of  all  kinds  carrying  large  quantities  of 
current,  or  current  under  high  potential,  have  also  been 
excluded,  on  account  of  the  liability  of  the  insulation  to  break 
down  from  various  causes,  such  as  overload,  defective  insula- 
tion, abrasions,  etc.,  which  usually  result  not  only  in  burnouts, 
but  also  cause  the  possibility  of  igniting  explosive  mixtures  in 
the  gallery.  There  are  also  possibilities  of  arcs  being  formed 
between  these  wires  and  adjacent  pipes  tliat  wx)uld  seriously 
injure  the  pipes.  Since  tliese  wires  were  excluded,  practically 
all  underground  construction,  except  those  particularly  referred 
to  as  now  being  in  the  sewers,  have  been  laid  in  about  the  same 
manner  as  in  our  own  cities,  that  is,  the  streets  have  been  opened 
when  necessary  and  restored  when  the  work  was  completed. 

It  should  be  stated,  however,  that  all  structures  that  are  now- 
placed  underground  in  that  city  are  laid  beneath  the  sidewalks, 
and  when  cross  streets  are  reached,  tunnels  are  built  below  all 
existing  construction  without  disturbing  the  street  surface. 
The  inconvenience  to  the  public  caused  by  having  the  sidewalks 
torn  up  is,  however,  infinitely  greater  than  that  which  is  caused 
by  the  methods  adopted  in  this  country. 

Advocates  of  pipe  galleries  contend  that  small  leaks  in  gas 
mains  can  at  once  be  detected  and  corrected,  and  the  pos- 
sibility of  installing  frequent  ventilators  makes  it  possible  to 
repair  even  active  leaks  and  breaks.  The  detail  of  a  few  acci- 
dents that  have  (.)ccurred  in  Paris  show  why  the  authorities 
finally  had  to  exclude  the  gas  mains. 

In  1864,  an  explosion  occurred  in  a  gallery  in  the  Pont  d' 
Austerlitz.  The  length  of  the  gallery  was  650  feet  and  it  con- 
tained, among  other  pipes,  a  50  centimeter  gas  main.  The  leak 
having   been    discovered,    the    main    was    stopped   by    inflated 
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bladders  in  the  usual  manner,  and  a  workman  was  lowered  into 
the  subway  through  one  of  the  ventilators  to  make  repairs. 
The  man  was  instantly  suffocated  in  spite  of  the  fact  that  there 
were  six  ventilators  in  the  650  feet  of  subway. 

In  November,  1865,  in  the  same  subway*  an  explosion 
occurred  due  to  a  leaky  stop  valve  which  killed  two  men  and 
completely  destroyed  520  feet  of  the  subway  and  damaged  the 
remainder  so  badly  that  it  had  to  be  entirely  rebuilt.  A  water 
main  50  centimeters  in  diameter  was  fractured  by  the  explosion 
and  water  completely  flooded  the  subway. 

On  July  4,  1868.  a  fatal  explosion  occurred  in  the  sewer 
of  the  Rue  de  Rivoli,  in  consequence  of  a  light  having  been 
brought  in  contact  with  an  accumulation  of  gas. 

These,  w*ith  many  other  accidents,  forced  the  authorities  to 
exclude  gas  mains  from  the  sewers,  although  it  is  foolish  to 
syppt3se  that,  in  the  thirty-eight  years  that  had  passed,  every 
possible  precautionary  measure  had  not  been  adopted. 

The  difficulties  now  being  experienced  in  ventilating  the 
Rapid  Transit  Subway  in  New  York  are  an  indication  of 
troubles  which  must  occur  in  any  construction  of  this  kind. 

The  result  has  been  that  competent  engineers  who  have  care- 
fully studied  this  subject  each  exclude  certain  structures,  until 
there  seems  to  be  but  little  left  except  small  w^ater  mains  and 
cables  used  for  signaHing  purposes ;  and  in  fact  in  the  latest 
plans  it  has  been  proposed  to  take  care  of  even  the  signal  wires 
in  the  walls  tn  a  separate  conduit  composed  of  individual  ducts 
3  inches  in  diameter. 

As  stated  in  the  early  part  of  this  paper,  practically  all  the 
standard  methods  of  construction  for  telephone  subways  now 
call  for  vitrified  clay  duct  of  either  the  single  or  multiple  types. 
Obviously,  the  multiple  duct  is  cheaper  to  lay  per  duct  fcjot, 
than  the  single  duct.  On  the  other  hand,  the  multiple  duct  is 
not  as  flexible,  is  more  difficult  to  handle  and  transport,  and  is 
much  more  subject  to  losses  from  breakage.  Therefore  in  the 
completed  structures,  duct  foot  for  duct  foot,  there  is  very 
little  difference  in  cost  between  the  two,  and  die  type  of  duct 
that  shall  be  used  is  largely  a  niatter  of  judgment  in  each  partic- 
ular case.  It  can  readily  be  seen  that  multiple  duct  on  account 
of  the  greater  length  of  the  sections,  and  on  account  of  the 
increased    cross-section    diameter    of    the    material,    is    not    as 
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llexible  as  the  single  duct,  and  where  obstructions  are  apt  to  be 
met  with,  as  in  city  streets,  the  single  duct  is  usually  niore 
satisfactory. 

After  the  necessary  permits  are  obtained  for  underground 
construction,  from  the  city  authorities,  the  city  engineer  is  con- 
sultetl  and  a  definite  location  in  the  street  for  the  conduit  is 
decided  upon,  as  clear  from  other  structures  as  is  possible.  It 
is  sometimes  necessary  before  this  location  can  be  definitely 
decided  u\yyn  to  dig  test  holes  at  such  intervals  as  may  be  neces- 
sary to  locate  possible  obstructions.  It  is  preferable,  of  o:»urse. 
to  have  the  conduit  reasonably  near  the  curb  line  on  acount 
of  nut  inter ferinj;^  with  traffic,  but  it  should  not  be  near  enough 
to  cause  trouble  from  surface  drainaj2:c. 

I'he  trench  i>  excavated  ».if  sufficient  widtii  to  properly 
acconiinudate  the  number  of  4lucts  tliat  are  to  be  laid,  but  at 
lea^t  three  inches  nuist  be  allowcil  between  the  sides  of  the 
trench  anil  the  <luct.  The  depth  of  the  trench  is  of  course 
•  lependent  u\mju  the  local  cimditions.  but  must  always  be  suffi- 
cient to  all«.Hv  f';r  at  least  twt>  feet  of  earth  or  paving  above 
tlie  tini>hed  duct  section.  If  |.H:>ssible.  the  conduit  should 
al\va\  >  pa-"-  beneath  ira^  service  pipes  or  similar  structures.  It 
-hoiiM  alsi.'  al\va\<  be  laid  to  .c:ra«.le  su  as  to  drain  into  the  man- 
!'"!".'-  at  the  Mi'I-  "f  each  -action.  (Obstructions  met  with  in 
tlir  trench  -ii.o:iM  he  pn-periy  ]>n.»tected  until  the  work  is  ctMU- 
plete.l.  ..r.  if  iKce-sary.  trii.xed  to  <oine  new  location  that  is 
-ati>fact.'r\  b.  all  ]):irrie>  concerned.  The  trench  must  be  kept 
tr».-.;  fn-iM  -urfak-e  v.iiti.r  an-l  if  pM^siliie  an\  springs  met  with 
nvj>l   be  '1  mined. 

After  tiK*  trencil  i^  o.^iij^leted  an«l  the  bottom  properly 
>:n«M'thed  ''11  t«»  ura-ie.  a  be-l  i^  lai*!  <»f  from  3  inches  to  6  inches 
-'f  "  i;'l  rainnKMi  o-ncrete.  C'»'n|>i.<ed  -f  Portland  cement.  -^4 
i!ici^  -I'-ne  anil  <ain.l  -^'ixod  i^i  liie  ]')ro|.h>rtions  of  I.  4  and  8. 
Tli!>  .'Mvi'-l-  .^  ine-N'^  .•]!  each  -Lie  '^r  the  duct  section.  It  is 
<();!'•  liiix--  1 '••'•«: >^^ar^  iii  'jn<t:ihlo  i^n -nnd  to  reinforce  the  bed 
\\-i':i  t'.\i^t«;.i  <trel  v\  n-«>  uii-1  !<  •nu.^it.M'lin.ally.  The  concrete  is 
tneii  aVi'f-Ae'l  I"  -rr.  ■  r'  ;^i .^^il.ile.  iiid  i-  tu'.xt  covered  with  a  thin 
l:i\«  r  'f  ';^. -nar  •■■])  ,\;i;.:i'  ':\u:  i:riia:  la}  er  ^^i  ducts  is  placed,  in 
-!!i-l»--  'l-.ien  ^;•'Il>:^Mc^i< '11.  cari.-  .viii^-  taken  to  break  the  joints 
■•''  !!ie  'inrt-  ..\]]i\  \<,  l^ave  tl^f  v«.rriv'al  -])ace  between  them  as 
n<nr«.-\'v  a-  |>«.'<^ibie.     The  >pa«'e  uetwi.en  the  ducts  is  flushed  to 
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the  upper  surface  of  the  ducts  with  mortar.  Another  layer  of 
mortar  is  then  placed  upon  this  tier  of  ducts  to  insure  an  even- 
bearing  surface  for  the  next  tier  of  ducts,  and  they  are  then  laid 
in  the  same  manner  as  the  first  tier,  care  being  taken  to  break  the 
joints  not  only  between  this  layer,  but  also  between  this  layer 
and  the  preceding  one.  This  process  is  continued  until  suffi- 
cient ducts  are  installed.  As  the  ducts  are  laid,  mandrels  are 
drawn  through  them  equipped  with  a  heavy  leather  or  rubber 
washer,  so  as  to  remove  all  loose  mortar  that  may  have  fallen 
into  them. 

When  sufficient  ducts  are  laid,  they  are  surrounded  on  both 
the  top  and  sides  with  3  inches  of  concrete  of  the  same  mix- 
ture as  the  bed.  The  trench  is  then  properly  filled  in  and 
thoroughly  tamped,  care  being  taken  not  to  disturb  the  ducts. 
The  filling  should  then  be  allowed  to  settle  before  the  per- 
manent pavement  is  replaced. 

Multiple  duct  is  laid  in  practically  the  same  manner  as 
single  duct,  except  that  alignment  of  ducts  is  insured  by  using 
dowel  pins  between  each  section,  and  the  joints  themselves  are 
protected  by  strips  of  muslin  about  8  inches  wide,  thoroughly 
soaked  in  neat  Portland  cement. 

It  is  usually  considered  good  practice  to  lay  a  creosoted  plank 
on  top  of  the  concrete  to  protect  the  completed  structure  from 
mechanical  injury. 

In  some  cases  it  is  possible  to  do  away  with  the  concrete 
on  the  sides,  sometimes  on  the  top  and  it  has  even  been  sug- 
gested that  the  concrete  bed  in  suburban  work  can  be  eliminated 
provided  the  earth  is  sufficiently  stable,  these  modifications  of 
course  being  designed  to  allow  of  a  cheaper  form  of  con- 
struction. 

Where  the  trench  passes  through  rock,  and  blasting  is  neces- 
sary to  open  it,  it  has  been  found  advisable  to  install  sections 
of  creosoted  wood  duct  on  account  of  the  fact  that  in  case  other 
trenches  are  opened  adjacent  to  the  conduit,  the  blasting  for 
them  often  shatters  the  clay  duct  and  causes  serious  damage. 

Manholes  are  of  either  the  two,  three  or  four  way  types 
according  to  the  requirements  at  each  particular  point,  and 
should  be  located  at  street  intersections,  but  if  back  yard  dis- 
tribution is  to  be  used,  it  may  be  advisable  to  place  them  near 
the  middle  of  the  blocks,  never,  however,  over  500  feet  apart. 
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1'hi'\  rjlioiihl  be  designed  to  be  as  roomy  as  possible  and  space 
shniilij  |)e  allowed  iur  the  necessary  splices  in  the  cables  which 
pasr^  ihroii^h  ihcin.  They  may  be  built  of  either  brick  or  con- 
ireto,  are  usually  oval  in  shape  and  for  ordinary  cable  runs 
vary  fmni  5  feel  (\  inches  to  6  feet  6  inches  long,  from  3  feet 
ci  inches  ti»  5  feet  3  inches  wide,  and  are  about  5  feet  deep  in  the 
clear.  They  should  he  so  located  as  to  avoid  any  pipes  or 
other  >tructures  passinjjf  through  them  when  finished. 

Manholes  should  he  drained,  and  it  is  usually  advisable  to 
buiKi  ihem  with  concrete  flcK>rs.  In  concrete  manholes  o'jn- 
creto  tv»Jv^  are  v»iien  used,  but  on  account  of  the  time  taken  for 
the  cv»ucrete  tv>  set  l>efore  street  traffic  can  be  resumed,  tops 
coi»>tnictevl  oi  co  lb.  rails  tilled  in  with  brick  are  usually  prefer- 
able, and  ill  tact  it  has  l>een  found  in  Connecticut,  that  manhole? 
e'Jiirclv  ^«r  brick  are  usually  nK>re  practical.  The  covers  are 
«^>ua'.>  K'i  cast  iron  but  s<>rtietime<  are  oi  steel,  and  are  gen- 
erally >i'^g:e  a'th«.»ugh  in  s«.n"rie  cities  double  covers  are  rei:imred. 
!.:  i>  ^•.•I'x-ci'iies  necessary  f.^  e?nploy  wn?ii;2:ht  inz^n  pipe  in 
I'laiii  coii'Jui:  rins  as  at  bnd:^e  crr-ssin:^?.  or  where  similar 
0-'n..i'i!.  >i:>  e\i^t,  but  its  ase  is  to  be  avoided  whenever  p:»s- 
>:bl«;.  ■.  a-.eraN  i'?  !.vle>  a!id  t'.>  bd!<iin;^s  are.  however,  asually 
.•:  vv.  -'ateria'. 

I't':"*;  ■>  :i  •.•.■p«.:e"C"    '.'ywiv'^-^  i'^^  0'ns'I:«.iar!».'n  in  ■.■»ne  trench 

.'■i.'  •:.:    ■"■  I    '•■■^'r-.  :.■••.•:■■.  " .'trvirTi;;!:  and  teiepbr'ne  purpc-ses. 

-.a    u-'.-  ui!*..   .:'  -.  ■'.;    i;mm.'.:"l  -a'-'j^i;  :v,  rjxpense  oi  constructi«"'r:. 

'^^   I  ^t.'u.ii;  ::[■'  i;t.-.-i: '1  ii.  ■.■v.-  -'i-.u.-'-'i.-'j  -ht-iiid  be  avoided,  how- 

■-^C'"    .11    n.'j-TJU   ::  •.:i»:  "^Jnlvr     • ''  'niPK.Mit^  ffMii  die  pjwer  -i-r 

'.\^h[   :■;  .nr^.       ^   -i '••  .:^  L»:':'>'<.'ir.     f  •^!^:^  natun^  occurred  in  St. 

■  ■iii-    .11    "'iiivj   ■         ■,'■:_,.    iiii.:    I    -  :>j|)fr':ed  that  not  only  were 

Ik    •.•■•..'-.  !•  i-.      :  :;>!<  ^    iciiraii*.-:.    -^nt   '.iiai   rlu:   ducts   thems<;ives 

."i...".-^     ■     ^i'. ';!■.■•:•:'.    II    1    ).ipcr   ;Tiiitied    "'High  Power 

^...^.  -    =.    •'■.-. -'I-'.      ^1-1' -i.^-.i'. :-  i!   "^- 'UMis    .1  •  Ireat  Magnitude." 

•-i-:. ■...■.        ':w     'L*  •.•.«. 'Jhl;-    •.    ' '^-     v:i!v!'c:iu  Institute  .5 1   Elec- 

■^•■'.•■-    'I     ■■'■■      '.■;-,    .•-^c'i^r.  ^   L  -cnuus  accident  tiiat 

\  ■<  j,^.     •/'->.■;.      There  iiave   been 

^^  V     .  -.         .      •      .  ■•■:'►-.    .  i"^L'::iiri\    in  Fifth  avenue 

■  .  \  ■:   ■..^■     -i-      >.     \.   ''.uck.  >n  the  Xiairara 

'■  ^ -i.".'.'!   '.)t:i':»re  riie   American 
:-.•'.  .  ■-=•..•-       !    '.l:;\     io.    ux)>.   entitled 
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"Duplication  of  Electrical  Apparatus  to  Secure  Reliability  of 
Semce/*  states  specifically  that  wherever  possible  dupHcate 
conduits  should  be  constructed  on  opposite  sides  of  tlie  streets. 
While  he  referred  particularly  to  duplicate  conduits  for  power 
plants,  his  statements  apply  with  equal  or  greater  force  to  the 
consolidation  of  power  and  telephone  conduits.  Wherever 
conditions  of  diis  kind  cannot  be  avoided  in  any  possible  way. 
the  telephone  and  power  ducts  should  in  any  case  be  separated 
b)^  a  wall  of  concrete  at  least  6  inches  in  tliickness. 

In  several  cities  in  Connecticut  a  system  of  direct  under- 
ground distribution  has  been  installed  designed  to  enable  ser- 
vice wires  to  be  connected  with  the  main  cables  in  the  man- 
holes, in  this  way  avoiding  all  necessity  of  overhead  wires* 
Unfortunately  this  system  has  not  be^n  an  unqualified  success, 
as  no  methods  have  been  found  for  satisfactorily  joining  the 
service  wires  to  the  cables. 

Then  too,  the  rapid  development  of  the  residential  districts, 

from  a  telephone  standpoint,  has  resulted  in  serious  congestion 

I      in  the  service  ducts  and  the  maintenance  on  the  system  as  a 

^vwhole  has  not  only  been  excessive  in  cost,  but  the  plan,  on 

account  of  difficulties  experienced  in  replacing  defective  service 

wires,  has  often  resulted  irt  serious  interruptions  to  the  service, 

■  It  is  now  generally  conceded  that  the  only  condition  where 

I      underground  distribution  is  practical  is   for  buildings   where 

there  are  enough  subscribers  to  warrant  the  installation  of  a 

small  service  cable,  similar  in  construction  to  the  main  cables 

in  the  street,  so  that  it  can  be  spliced  directly  into  the  main 

I      cable  in  the  manhole. 

^H  In  residential  districts,  where  the  stations  arc  more  or  less 
^■•scattered,  back  yard  lines  are,  for  all  parties  interested,  prob* 
"ably  the  most  satisfactory  way  of  giving  service.  Each  of 
these  back  yard  lines  can  be  fed  by  means  of  an  underground 
lateral  pipe  which  contains  a  cable  of  sufficient  size  to  serve  all 
the  stations  in  the  block.  The  great  advantage  of  this  system 
is  at  once  apparent  when  it  is  realized  that  it  does  away  with 
all  aerial  service  wires  in  the  streets. 

Now  that  the  subway  from  New  York  to   New  Haven  is 

mpleted  and  the  possibility  of  continuing  it  to  Hartford  in 

the  near  future  is  being  considered,  it  appears  that  a  complete 

subway  from  New  York  to  Boston  is  only  a  question  of  a  few 
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years.  v.n-A  the  question  naturally  ari>e>  a>  to  what  will  beo'rr.c 
•f  the  aerial  lines  which  now  cmss  this  state  in  ever>-  direction: 
f'.-r  the  public  generally,  and  naturally,  supposes  that  the  only 
reas*n  uiKlersrn»und  conduit  is  not  built  for  these  circuit?  is  »•?. 
aco'-.:!Tt  "f  the  great  cost  of  the  work. 

Theoretically  ami  practically,  in  the  present  sta^re  of  tele- 
^»h.ne  er^cineering.  it  would  be  impossible  to  carr>-  on  a  con- 
vtr-ati-n  between  Xew  Yr.rk  and  Ptoston.  through  any  cable 
that  has  ever  been  desijrned.  Commercial  transmission  if 
'iT-it'j':  t"  the  tran-mis-i' -n  that  wouM  be  ••btatned  with  stan-l- 
jr  i  ir-ftr-'Tx-rt-.  0'i::iected  toirether  thr«"»u2:h  a  Xo.  lo  B.  i  5. 
■^a-.'^-v  I  liTKT  i-T'i'.ilat'.-'!  If.v  capacity  lead  encased  cable  30  ^i!ff 
i-t  l-ir^^r!'.  T::i>  w -uM  be  c<|:ial  t.-  the  transmission  over 
'•."I  ••.:  S5'^  •T:i'.e-  •:'  \-.  S  I'..  W.  r,.  o-poer  wire  *  .l'^5  inch 
•"*  i-'.v-jvjr  -:r*.:r"^  ■::  i*  -'.e-  witii  ::■  •  cable  in  the  circuit,  or  •'■ver 
:■-'■-  •-•"  ^■.*~'  r/'.\^  '•:  \".  ij  X.  H.  S.  ■:< -poer  wire  '.104  inch  in 
''■7---*:^r'.  vTi  l-r  rhe  -ar-e  o  ■n':iti«-n-.  It  <ho!.:I«l  be  n- •ted  that 
'!:•-  •"■:'•.*  lo^  tix^  c retire  ci re '.:•>.  between  the  twi^*  ^tati«^ns  that 
X'-:  ■-•-••'C'  *^''.  ;•'■:*.":::.  ar-'i  that  tiKreP-re  the  tran-mi<^:«:'n  is  n-'t 
• /■  •■:'■*-••;!'■.  ::;>'!  th-:  Icr-jth  --f  tl^e  t- -11  line,  but  is  als«» 
:-:•  K-  ':■'•:  -"^T!  ri'.e  ':->r:iroe  the  -uh-cribcrs  are  ir:»m  the  p^'int 


::^e 


j'- 


riiile    !i:r.it 


'»,-«^-.  v    '^. 


art.-  Ti.  L  v.-iially  sr.ti-fact"rv, 

v:-  rr.e   teleph-'ne   envriTieer 

■•■"-•■■•j!  t' •  brin;^  twi»  in-tn:- 

::'    ;'.>  :j:ile<  t-kf  nne  an«;»ther. 

-:■  •.'.'re'l  a  practical  methi^d 

;.   uiiich   was    "that  indiict- 

A  Ivariraize  if  it  can  be  uni- 

.•;'i"'.Mt:-:n  "f  this  principle. 

'[viv:  in-h.ictance  c»»ils  in  the 

:   r^c   L fleet  c.f  the   capacity 

■ir:^o  o  ils.  ti^e  etftciency  •»! 

■■•-"■'.•a-c'i.  s<>  tiiat  it  i-  ni-w 

:  ^:i':c<-  cable  abnit  40  miles 

■  . '-  ir  a-  over  an  unloadeil 

•"•     r'ler  wnrds.  an  increase 
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The  use  of  larger  conductors  in  the  cable  has  also  enabled 
us  to  increase  this  distance  quite  materially,  but  in  the  present 
state  of  the  art,  it  would  be  impracticable  to  use  conductors 
of  large  enough  size  to  make  it  possible  to  transmit  commer- 
cial messages  through  cables  for  more  than  150  miles.  This 
of  course  prohibits  the  use  of  through  cable  circuits  between 
Xevv  York  and  Boston. 

Another  recent  device,  which  is  now  being  experimented 
with,  and  with  considerable  success  for  long  aerial  lines,  is  the 
telephone  repeater.  The  New  York-Chicago  circuits  are  now 
equipped  with  these  repeaters,  and  since  they  were  adopted, 
a  marked  improvement  in  transmission  has  been  noted.  The 
repeater,  however,  is  not,  in  its  present  state,  applicable  to  cable 
circuits,  nor  to  any  aerial  circuits  except  those  of  great  length, 
so  that  at  present  there  seems  to  be  no  immediate  prospect  of 
its  general  adoption. 

It  will  therefore  be  readily  seen  that  in  the  present  state  of 
the  telephone  art,  cable  circuits  can  only  be  used  for  what 
might  be  called  short  haul  business,  and  that  the  aerial  Hues 
will  have  to  be  maintained  for  all  long  haul  or  through  busi- 
ness. Taking  the  short  haul  business  with  the  cable  circuits, 
of  course,  takes  a  great  load  off  the  aerial  lines,  and  in  this  way 
we  can  use  them  to  much  better  advantage  than  we  could  when 
both  long  haul  and  short  haul  business  was  passed  over  the 
same  wires,  more  or  less  indiscriminately. 

We  of  course  would  all  like  to  look  forward  to  the  time 
when  all  main  lines  w^ould  be  in  underground  conduit,  but  at 
present  there  are  no  reasons  for  supposing  that  it  will  ever  be 
possible  to  abandon  entirely  the  present  forms  of  aerial  con- 
struction. 
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By  Lewis  M.  Haupt,  C.E.,  Sc.D. 

Wr.  President  ami  Members  of  the  Connecticut  Society  of 
Civil  Engineers: 

In  accepting  the  honor  of  addressing^  this  Society,  it  appeared 
to  be  appropriate  to  siihmit  a  few  thoughts  relating  to  the  con- 

sted  conditions  affecting  the  traffic  of  the  country  at  this 
ine»  and  the  possible  avenues  of  relief.  For  this  purpose  it  is 
ecessar\^  to  pay  attention  to  the  physical  routes  of  the  world* 

e  history  of  their  development  and  the  relative  growth  of 

pulation,  mileage,  tonnage,  terminals,  and  many  other  ele- 

ents  affecting  the  question. 

One  of  the  fundamental  factors  is  the  increase  of  population 

the  United  States*  which  has  grown  faster  than  any  other 

luntry,  as  will  appear  from  a  comparison  of  the  census  tables 
f  the  world. 

Within  thirty  years  our  numerical  strength  will  have  doubled, 
bile  tJie  railroads  are  not  able  to  meet  present  demands  for 

asportation,  and  a  large  part  of  the  crop  of  last  year  is 
nhar\Tsted  while  our  citizens  in  the  Northwest  are  suffering 
lack  of  fuel  and  food.    The  mileage  of  the  railroads  is  not 

creasing  as  fast  as  the  population,  yet  the  tonnage  offered  is 

owing  ^\'c  times  faster. 

The  waterways,  which  were  built  by  corporations  under  State 

larters  prior  to  the  Civil  War,  increased  rapidly,  and  there 

ere  5.000  miles  in  operation  at  that  date,  which  had  cost  about 
150,000,000,  but  since  then  nearly  half  of  this  mileage  has  been 
cquired  by  competing  lines  of  railways  and  put  out  of  service. 

ow,  there  is  a  growing  desire  for  these  cheap  servants  of  the 
public,  and  the  railroads  themselves  would  do  well  to  rehabil- 
late  them  and  carry  the  low  grade  freights  by  water  at  less 
:ost  and  greater  profits,  as  will  appear  later  in  this  paper. 

The  drift  of  legislation  has  been  tow*ard  a  centralization  of 
authorit}^  and  control  by  the  general  government,  which  has 


112  TWENTY-THIRD  ANNUAL  MEETING. 

tended  stronj^ly  to  arrest  State  and  corporate  initiative  and 
restrict  the  improvement  of  the  canals,  under  the  popular 
impression  that  tolls  should  not  be  charged.  But  all  other  line? 
of  transportation  under  improved  management  are  authorized 
to  ctjllect  fares  or  tolls  and  cannot  exist  without  such  sources 
of  revenue.  The  same  necessity  must  be  accorded  to  the  water- 
routes  or  they  cannot  exist,  for  the  government  is  not  able  to 
provide  for  the  demands  of  the  entire  country.  The  most 
important  of  our  public  civil  works  have  originated  under  the 
cori)orate  system,  with  revenues  from  tolls,  and  there  appears 
to  l)e  no  early  relief  in  sight  without  a  restoration  of  that  method 
of  encouraging  these  great  economic  factors,  the  waterways. 
under  private  initiative.  It  is  the  function  and  duty  of  the 
engineer  to  project,  construct  and  operate  these  important  con- 
servators of  the  domestic  commerce  of  the  country.  It  is  our 
heritage,  but  we  need  first  to  remove  the  shackles  and  secure 
enabling  legislation. 

"77a'  Back-SigJit," 
The  full  import  of  this  statement  will  be  appreciated  better  by 
a  brief  review  of  the  conditions  which  have  attended  the  eflFort 
to    regulate    coninicrce    between    the    several    states    and    with 

foreign  nations. 

IxrilKXAL    I  MI'ROVEMEXTS. 

Roads. 

In  the  evolution  of  internal  improvements  the  first  step  was 
taken  in  the  bettering  of  the  highways,  and  as  it  cost  $125  to 
haul  a  ton  of  freight  across  the  Alleghanies  from  Philadelphia 
to  Pittsl)urg,  (or  at  the  rate  of  about  35  cents  per  ton-mile),  the 
l)e(»plc  were  n<:)t  slow  to  res])on(l  to  the  opportunity  to  mend 
their  ways,  and  the  tlrst  turnpike  in  the  United  States  was  built, 
from  IMiiladelphia  to  Lancaster,  C)2  miles  long,  between  1792- 
i7()4,  at  a  cost  of  $4(>5,0(.)0,  by  a  private  company,  operating 
unck-r  a  <tate  charter. 

The  Xatioii,  as  such,  gave  very  little  attention  to  the  develop- 
nient  oi  ways  of  cniuuniication,  Imt  left  them  almost  exclu- 
sivtly  tu  the  states  and  corporations  under  them.  Thus  Penn- 
sylvania began  at  an  early  date  the  work  of  road  improvement, 
and  between   1792  and  1822  had  chartered  some  220  turnpike 
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companies,  which  built  about  1,788  miles  at  a  total  cost  of 
nearly  $6,000,000,  of  which  30.4  per  cent,  was  subscribed  by 
the  state  and  the  balance  by  private  parties.  This  includes  the 
80  miles  of  the  Cumberland  Pike  or  National  Road  to  the  Ohio, 
which  passes  through  Pennsylvania,  and  for  which  the  funds 
were  applied  from  the  sale  of  public  lands  in  Ohio.  The 
average  cost  per  mile  was  $3,280. 

So  great  was  the  demand  for  transportation,  that  many  of 
the  states  followed  the  example  of  Pennsylvania,  and  by  liberal 
charters  and  grants  of  tolls,  encouraged  the  people  to  make 
roads  for  themselves.  The  wisdom  of  this  policy  soon  became 
apparent.  The  rage  for  turnpiking  rapidly  spread  over  the 
whole  country,  and  in  a  few  years  a  sum  almost  equal  to  the 
national  debt  at  the  close  of  the  Revolution  was  voluntarily 
invested  in  the  stock  of  these  corporations.  By  181 1  New  York 
had  chartered  137  companies  with  a  capital  of  over  $7,500,000 
and  a  total  mileage  of  4,500  miles,  of  which  more  than  one- 
third  was  constructed.  Yet  the  cost  of  transportation  was 
enormous,  and  in  many  cases  prohibitory,  so  that  attention  was 
soon  diverted  to  the  superior  advantages  of  the  waterways,  and 
the  canal  epoch  was  inaugurated  simultaneously  with  that  of 
the  roads. 

Canal  Development. 
There  is  not  time  to  review  the  history  of  this  movement,  but 
suffice  it  to  say  that  as  early  as  1690,  William  Penn  contem- 
plated the  project  of  uniting  the  Susquehanna  and  Schuylkill 
rivers  by  a  canal,  through  the  province,  and  the  first  explor- 
ations for  this  purpose  were  made  by  a  Committee  of  the  Amer- 
ican Philosophical  Society  in  1770.  A  survey  followed  under 
David  Rittenhouse  and  William  Smith,  •  Provost  of  the  Uni- 
versity of  Pennsylvania.  In  1773  John  Bellendine  of  Virginia 
published  his  project  for  connecting  the  Monongahela  w^ith  the 
Potomac  and  the  Kanawha  with  the  James  rivers.  In  1785 
Washington  was  elected  president  of  the  Potomac  Company, 
chartered  to  connect  the  Ohio  River  with  Chesapeake  Bay.  On 
January  5,  1786,  the  James  River  Company  was  incorporated 
and  the  following  year  the  Dismal  Swamp  Company  was 
authorized  to  connect  Albemarle  Sound  with  the  Bay  of  Ches- 
apeake.    The  first  canal,  however,  actually  opened  w'as  that 
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uilt  at  South  Hadley  in  Massachusetts  in  1792,  which  was  fol- 

wed  by  the  Santee  Canal  of  South  Carohna,  be^un  in  1793 
and  finished  in  1800.  The  Chesapeake  and  Delaware  Cana!  was 
chartered  in  1797.  and  a  large  sum  was  subscribed  to  start  the 

rork%  but  it  was  insufficient,  so  that  in  1805  an  appeal  w^as  made 
to  Congress  for  aid,  which  was  granted  after  a  long  delay  and 
the  work  was  opened  October  17,  18^9.  The  government  also 
subscribed  to  the  shares  of  the  Louisville  and  Portland  Canal, 
opened  December  22,  1830,  and  of  the  shares  of  the  Dismal 
Swamp  Canal  it  subscribed  for  800  @  $250.  or  $200,000 — up 
:o  1839. 

In  general,  how'ever,  the  government  exercised  no  control 
over  the  works  which  w^ere  constructed  and  operated  by  cor- 
porations under  state  charters,  and  it  was  slow  to  aid  these 
works  by  subscriptions,  yet  under  this  policy  the  canal  systems 

expanded  so  rapidly  that  up  to  the  time  of  the  Civil  War  there 
ere  in  use  as  stated  5,000  miles  of  improved  waterways, 
involving  an  expenditure  of  state  and  private  funds  amounting 
to  over  $150,000,000,  as  compared  with  less  than  $15,000,000 
from  the  national  treasur}^  applied  to  similar  purposes  Since 
that  date  the  policy  of  the  government  has  radically  changed, 
and  although  over  $550,000,000  have  been  appropriated  to  river 
and  harbor  improvements,  the  actual  mileage  of  our  internal 
canals  and  improved  rivers  has  fallen  to  about  one-half  that 

I  of  i860. 
j  Railroads. 

,  This  is  in  part  due  to  the  introduction  of  the  railway  and  the 
pisc  of  steam  as  a  motor,  beginning  in  i82f5,  at  Quincy.  !Mass. 
In  the  four-score  years  which  have  passed  the  mileage  has 
increased  to  over  220,000  and  the  value  of  the  properties  to 
more  than  $16,200,000,  so  that  it  has  grown  to  be  the  dominant 
industry  of  the  country*  To  secure  the  greatest  possible  effi- 
ciency and  economy,  it  became  necessary  gradually  lo  eliminate 
the  short  disconnected  links  in  the  chains  of  communication 
[)etween  our  great  cities  and  the  seaboard  and  to  wipe  out  the 
competitive  waterways,  so  that  the  railroads  have  by  this  pro- 
ess  of  absorption,  elimination  and  concentration  become  so 
Dtent  as  to  excite  grave  fears  as  to  the  outcome,  and  serious 
forts  are  making  to  regulate  their  rates  by  further  legislation. 
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Rail   Rate   Regulation. 

But  it  must  be  evident  that  the  rates  charged  on  transpona- 
tion  must  depend  upon  local  conditions,  physical  obstacles, 
character  of  service,  length  of  haul,  and  many  other  factors 
which  general  legislation  cannot  cover,  and  that  any  attempt 
to  do  so  would  be  disastrous  to  many  roads  as  well  as  to  their 
patrons.  The  enormous  sum  invested  in  transportation  is  a 
measure  of  the  confidence  of  the  public  in  corporate  manage- 
ment, even  though  the  returns  are  relatively  small,  beint,' 
but  a  little  more  than  3  i)er  cent.  It  is  also  more  than  probable 
that  if  this  great  business  is  to  be  managed  by  legislation,  the 
officers  of  these  roads  must  manage  and  control  legislation,  even 
to  a  greater  extent  than  at  present,  and  there  would  result  a 
railroad  oligarchy. 

In  a  Memorial  to  the  Legislature  of  Pennsylvania,  the  Pres- 
ident of  the  Reading  Railroad  pertinently  remarks: — "There  is 
no  necessity  for  government  regulation,  other  than  to  prevent 
unreasonable  discrimination.  ( iovernment  regulation,  because 
it  nuist  be  rixe<l  by  rigid  rules,  can  harass  and  annoy,  but  it 
cannot  benelicially  assist  the  varying  demands  of  business." 

I'he  best  regulators  (»f  rates  are  physical  laws,  properly 
applied,  and  when  railroad  managers  begin  to  appreciate  the 
great  benefits  to  tlieni.  as  well  as  to  their  patrons,  from  the 
utilizatit)n  of  the  cheapest  means  available  for  the  delivery-  of 
their  tonnage  and  the  segregation  of  the  crude  raw  materials. 
as  fuel,  lumber,  iron  and  other  ores  fn^ii  the  high  class  freights. 
the\  will  need  no  a<l(liti<>nal  legislation  except  that  which  may  be 
required  U)  prevent  discriminatit)ns  and  too  great  centralization 
of  j)ower.  There  are  inherent  differences  between  the  railway 
and  any  other  nnxle  «»f  connnunicatiou,  arising  from  the  fact 
that  the  railroad  company  owns  and  o])erates  the  track  or  zcay. 
which  i>  not  open  l«»  the  jmblic.  as  is  the  highway,  the  river  or 
the  canal.  (  >n  tlie>o  latter  way.>,  while  there  may  be  tolls,  there 
i.s  no  (leliniie  scluMlnle,  and  anyone  may  use  the  roadway  at  his 
convenience,  by  day  or  night.  To  restrict  this  public  privilege 
in  any  way  is  injurious  to  the  ])ul)lic  weal,  and  to  usurp  or 
secure  the  Control  of  these  natural  or  artificial  avenues  of  trade 
in  such  maimer  as  t'.>  relard  their  development  by  localities 
desirous  ^A  securing  relief  or  greater  accessibility  to  the  mar- 
kets, is  imwise.  if  not  ruinous. 
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A  brief  reference  to  the  average  rates  charged  by  the  rail- 
roads of  the  United  States  in  the  several  geographical  districts 
will  serve  to  show  at  once  the  influence  of  physical  conditions 
on  rates. 

Thus  in  Group  I,  comprising  the  New  England  States,  where 
there  is  not  sufficient  food  nor  fuel  to  supply  local  demands,  and 
the  waterways  are  not  used  to  any  great  extent  for  transporta- 
tion, the  average  railroad  rates  are  1.167  cents  per  ton-mile  and 
the  revenue  per  mile  of  railway  is  $7,681.  In  Group  II,  extend- 
ing from  New  York  to  Maryland,  inclusive,  the  rate  is  but  little 
more  than  half  the  above  or  0.667  cents  and  the  revenues  per 
mile  are  almost  double  or  $14,010.  For  Group  III,  along  the 
upper  lakes  and  subject  to  the  cheapest  water  competition  in  the 
country,  the  ton-mile  rate  is  still  lower,  viz.,  0.607  cents  and  the 
receipts  are  $8,833  P^'"  rnile.  This  district  embraces  the  States 
of  Ohio,  Indiana  and  Michigan,  which  are  not  connected  with 
the  seaboard.  From  Virginia  to  South  Carolina  the  rate  is 
0.691 ;  from  Kentucky  to  the  Gulf  it  is  0.839;  from  Illinois  to 
North  Dakota,  0.766 ;  from  Nebraska  to  Montana,  0.900 ;  from 
Arkansas  to  Colorado  it  is  0.988 ;  for  Louisiana  and  Texas  it  is 
1 .096 ;  and  for  the  Pacific  Coast  Group  it  is  i  .098  cents.  To  fix 
upon  a  maximum  of  say  one  cent  per  ton-mile  would  therefore 
drive  the  New  England  roads  into  bankruptcy  and  the  citizens 
from  their  homes  and  prevent  their  disposing  of  their  farms  or 
factories  to  any  successors,  and  cause  a  return  towards  bar- 
barism. If,  on  the  contrary,  the  cheaper  natural  avenues  of 
transportation  be  authorized  to  be  developed  by  local  initiative, 
wherever  it  may  be  desired  as  a  commercial  enterprise,  the 
results  would  be  beneficial  to  all  interests. 

IVatcncays  as  Regulators. 
The  influence  of  the  water  routes  in  regulating  rail  tariffs 
may  be  illustrated  by  a  brief  reference  to  the  rates  existing 
between  New  York  and  a  few  southern  points  on  the  coast  and 
in  the  interior.  From  New  York  to  Wilmington,  N.  C,  the  rail 
rate  per  ton-mile  is  1.3  cents;  to  Charleston,  S.  C,  1.2;  to 
Savannah  it  is  0.9;  to  Jacksonville  and  Pensacola,  Fla.,  0.86, 
and  to  Mobile,  Ala.,  0.8  cents,  showing  a  decreasing  rate  as  the 
distance  increases.  All  of  these  seaport  rates  are  higher  than 
the  average  rail  tariff  for  the  whole  country,  so  that  there  is  a 
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r.-.ar^s'ir.  •'.■:  or  .r.*:.  n'.f-.vith.TCandine  the  cocipetiTioa  -with  ±'» 
■.r.:;ir  -r^Tirr.r.r^..  •  jn  *:ie  othrr  han^i,  i'x  interiijr  p-jtcrs.  Ki-ri 
;i.^  i(.-r\'.f.risiz'\r.,  V.  <V..  ore  rantr  L?  r.9  cents,  for  Arheri:?.  '3i. 
it  i'  .'7  f-.r  Fiirr.-in^liar.:.  .\!a-.  r.f.  ar.ii  for  JacksiT-n.  Mi?^..  r^ 
■'':r.--  '.-.■  iia:  rh»:  -.-vrriarji  rate  to  non-competitrv';  p«:-tiii5  j? 
;ini.t:-  7-^  prr  ':er.r.  hia'her  than  :o  the  -seaports.  Mo  reviver,  th-i 
depf;-.  o:  ■.*  art^r  in  the  river  channels  also  affects  the  rail  rates. 
Ah:':r.  'ir-^p  or?  a^  rhe  Tta:^e  of  water  rises  or  when  the  channel? 
ar^r  r.'T  ■-■O're''!  u\  ::r.  The  'lifference  in  price  between  high  an: 
V:'\  whr-.T  r\:.K^.  r.  -.he  ^^i.s-:?•^ippi  river  would  make  a  pn:*!!:  :■" 
M'li:  ]'>'''h''rC7i  f^rr-.-.er  -A  ."Sr.^o  per  a^rre  -i-n  wheat  anii  arr.-r-tir:  :■■ 
;il'i';i:"  .Si0.v,o.r>^.  r>  rl-.r:  Statrr  if  carrieri  to  N'ew  <jrlean?.  in^trs: 
'  V :  ■r.'-r'.hrA  *  -  .■  ; '  • :  ■.  v  V-  :■  r  k .  T  h  i  .s  \v  i !  I  exp  lai  n  a  rema  rk  •  i-nc  r 
r.-.ri  :■•  :;;.  a  pr-jn-iin^nr.  rai'-p.-ad  prr>i«ient  c-'-nceming  the  btiii'iir.;^ 
■  if  "hr  if^v'rr^  al- -ncc  the  -\[i--i"i-iippi  f'>r  the  improvement  of  rht 
!ia-  :^';ir:'jri.      f  f^:  ^ai'l : 

"'\\\f  o«:r!r::  ->} -tc-m  i.s  correct  and  the  only  way  to  deepen  the 
.vT'.-.-.i— .ippi  river.  It  that  were  done  what  would  become  of  no: 
'  .n!j  rr.;  '.-wn,  bnt  al!  the  other  railroads  c«;'ming  to  Xew  York? 
'1  hi-:  A'^ui'i  Ik:  ruined,  and  for  that  reas<:»n  we  would  favor  the 
\t'\*-r  -.;. -t-rrn.  f'^r  -«•  loncj  as  that  be  kept  up  there  need  be  no 
\"UV'  ■■:'  r\v_  Mi'i-i'i'iippi  a-  a  competitor." 

.\pr.-p'f:  ')i  thi'.  -taff-ment.  it  may  be  well  to  note  that  in  a 
!;iN-  r'-[>or*  ot  tlic  <  "ommi-^ion.  and  after  about  Si 00.000.000 
hav:  lK:'-n  ••:<pen'!t:d  on  the  river  to  "ieepen  the  channel,  it  is 
■ai'l  thai:  "I^xjirriir.r-nts  ar»^  c«'ntinually  being  made  I«X">king  to 
th«-  !)•:-:  '!-»:  of  available  material  and  the  development  of  appli- 
anr/--  and  nu.-th'-'d-  wliich  may  be  ectjnomically  and  effectively 
<:inplo;.  r'i  uhrn  (  'tnisfress  shall  provide  for  such  systematic 
iriipr'»wni»-nt." 

A'.'  Xdti'jiml  Rt!u\f  in  Sight. 
And  rliis  .-tat»'iiit:iit  calls  attention  ttj  one  of  the  most  serious 
•  .li-t;t<:if-  in  th'.-  '^penincr  ".>f  "ur  watercourses,  namely  the  diffi- 
«  i!ir.i«--  ''f  -c-.-urini,^  lt;i,q>lati"n  fn^in  the  National  government 
wli'ii  all  tlir  -.:<:t!<ni-  "f  the  c«.'untry  are  importiming  Congress 
i"«'r  aj)i»r"priati"n>.  which  are  >o  restricted,  and  when  the  bill 
!iia\  be  so  readi!}  defeated,  that  it  is  only  passed  with  the 
L^reaie^t  tlifhciiliy  every  seond  or  third  year.  The  important 
public    W'-rk-    wliich   are    awailitii^-   appropriations     to-day   are 
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stimated  to  require  some  $500,000,000  and  for  this  reason  no 
new  projects  can  he  considered  for  years,  and  rigid  rules  are 
adopted  to  restrict  the  proper  and  natural  development  of  these 
raie-regiilators.     Some  of  the  states  are,  however,  proceeding 

o  enlarge  their  systems  within  their  borders,  as  New  York, 
THinois,  Massachusetts,  and  otliers,  by  making  large  appro- 
priatioiis  for  waterways.  The  necessity  for  this  is  clearly 
shown  by  the  experiences  of  the  past,  for  many  of  the  most 
deserving  works  have  been  waiting  for  many  years  for  the 
mere  permission  from  Congress  to  construct  or  enlarge  their 
facilities  more  rapidly. 

Delay  m  National  Action. 
In  t8i  I  the  government  refused  the  petition  of  New  York  to 
in  the  work  of  the  Erie  Canal ;  in  1835  it  declined  the 
est  of  Michigan  to  assist  in  the  great  work  at  the  Sault,  on 
the  ground  tliat  it  would  pass  through  an  Indian  reservation. 
It  was  built  by  state  aid  and  opened  in  1855  and  afterwards  pur- 
chased by  the  government  in  188 1.  In  1852  the  state  of  Penn- 
sylvania authorized  the  Pennsylvania  Railroad  Company  to 
engage  in  the  improvement  of  the  Ohio  rivcr»  but  the  govern- 
meni  did  not  sanction  it  and  for  over  seventy  years  this  work 
has  been  under  way,  with  at  least  fifty  more  in  sight,  before 
the  project  may  be  completed  for  a  nine- foot  stage.  The 
attempt  to  secure  a  national  charter  for  a  canal  between  the 
Ohio  river  and  Lake  Erie,  without  aid  from  or  charge  upon  the 
government*  was  ten  years  in  Congress,  The  effort  to  secure 
the  freedom  from  tolls  of  the  Chesapeake  and  Delaware  Canal 
and  its  enlargement  for  coastwise  commerce  and  defense,  has 
been  before  Congress  for  thirty-six  years  and  seems  to  be  far 
from  a  solution.  The  present  limited  coastwise  canals  were  all 
built  by  private  parties  prior  to  1829,  and  the  importunate  peti- 
tions for  their  emancipation  remain  unanswered.  The  Harlem 
channel  between  the  Sound  and  the  North  River  has  b<?en 
before  the  country  for  almost  a  centiirv^  and  is  not  yet  com- 
pleted. These  and  many  other  instances  may  serve  to  point 
out  the  great  need  of  some  remedial  legislation  authorizing  a 
return  to  the  ante-bellum  policy  of  local  initiative  under  state 
jurisdiction,  that  our  surplus  products  and  manufactures  may 
be  handled  expeditiously;    for  the  tonnage  has  far  outgrown 
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DIAGRAM    OF    INCREASE    IN    THE    RAILROAD    MILEAGE   OF   THE    UNITED    STATES 

WITH    STATISTICS   FOR    I905    SHOWING   FOREIGN    RATES    WITH    WATER 

COMPETITORS. 


EPOCHS   OF   TRANSPORTATION. 


►the  ability'  of  the  railroads  to  handle  it,  and  some  of  the  most 
Lsagacious  of  their  managers  are  demanding  rehef  by  artificial 
water wa>^  down  the  Great  Valley  to  the  Gulf. 

Traffic    Engorgement. 

The  critical  condition  which  confronts  the  country  will  appear 

from  a  glance  at  the  curve  of  progress  of  the  population,  the 

mileage  of  the  railroads  and  the  tonnage,  from  which  it  is  seen 

that  while  the  population  has  been  increasing  at  the  rate  of 

F22  per  cent,  in  the  last  decade,  the  rail  mileage  increased  only 
18  per  cent.,  while  the  actual  tonnage  increased  y^  per  cent,  in 
the  same  time.  In  1890  it  was  636  million  tons,  while  in  T905 
it  was  1.435  rnillion  tons.  The  capacity  of  the  cars  has  been 
increased  about  two  and  one  half  times  and  the  number  of  units 
also,  but  the  impossibility  of  handling  at  the  terminals  prevents 
their  use  on  the  road  more  than  two  hours  out  of  twenty- four, 
according  to  Mr.  HilL  which  is  but  8  per  cent,  of  the  time»  so 
that  the  efficiency  is  actually  diminished  and  there  seems  to  be 
no  prospect  of  relief  from  this  source.  Radical  changes  in  the 
relation  of  the  several  systems  of  transportation  are  necessary, 
tliat  the  waterway  may  again  be  fully  and  freely  developed 
r      under  local  initiative  and  control. 

^H  Economics. 

^P     It  is  an  indisputable  physical   fact  that  the  waterway  pos- 

^  sesses  far  greater  advantages  for  economic  transportation  than 

^^any  other  medium,  so  great  in  fact  that  the  cost  of  movement 

^ns  from  about  one-third  to  one-twentieth  less  than  by  rail,  thus 

making  it  possible  to  save  from  66  to  95  per  cent,  of  the  charge 

and    correspontiingly    extending    the    market    range    of    the 

commodities.     It  has  been  the  policy  of  many  of  the  overland 

carriers  to  lease  or  purchase  the  canals,  which  were  first  con- 

^^^tructed,  and  to  divert  their  traffic  to  the  railway  at  greater 

^Pcost  to  the  consumer,  who  nnist  ultimately  pay  for  the  wear 

and  tear.    The  Erie  Canal  being  a  public  improvement,  free  of 

^tolls,  has  been  subject  to  several  bitter  struggles  for  existence. 

iut  the  wisdom  of  the  citizens  of  the  Empire  State  has  been 

Ijcqua!  to  the  emergency  and  they  have  determined  by  a  large 

^vote  to  expend  $1  or. 000 ,000  in  increasing  the  capacity  of  that 

trunk  line  by  giving  it  a  depth  of  14  feet  and  thus  assisting  to 

t retain  the  commercial  prosperity,  not  only  of  their  own  state 
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in  that  country  became  so  potent  that,  "in  1845  Parliament 
expressly  sanctioned  the  control  of  canals  by  railway  companies, 
whether  by  amalgamation,  lease,  purchase  or  guarantee,  ajid  a 
considerable  amount  of  canal  mileage  came  into  the  possession, 
or  under  the  control,  of  railway  companies.  But  it  w*as  dis- 
covered tiiat  this  act  was  injurious  to  public  policy,  and  in  con- 
sequence, this  sanction  was  practically  repealed  by  the  Railway 
and  Traffic  acts  of  1873  and  1888.  By  that  time  about  one-third 
of  the  canals  had  been  acquired  by  the  railway  companies. 
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In  this  country  the  wreckage  has  been  much  greater*  In 
Pennsylvania,  for  example,  there  were  reported  to  be  over 
I, coo  miles  of  canals  in  existence  in  1870  and  in  1889  the  census 
returns  showed  only  217  miles  in  operation,  while  at  the  present 
day  it  is  officially  stated  that  *'the  canal  of  Pennsylvania  is  a 
reminiscence.  It  is  not  easy  to  discover  the  bed  of  the  old 
canaL  The  levelling  process  is  rapidly  filHng  its  trenches  and 
the  young  growth  of  timber  in  some  places  has  so  obscured  its 
location  as  to  prevent  it  from  being  easily  discovered.**  .... 


JHt.    EKlCsSON    srEA^}M 


IJVLTIMORE,    EX    ROUTE    PHILADELPHrA    TO 

RE,    IN    THE    CAN  At. 


"For  the  last  ten  years  the  amount  of  shipment  upon  the  canals 
has  been  comparatively  insignificant,"  .  . .  ,  "The  average 
receipts  per  ton  per  mile  upon  all  the  railroad*  are  very  much 
lowTr  than  they  were  when  the  canals  of  Pennsylvania  were 
in  operation/" 

Under  this  statement  of  fact  it  is  suri:jrising  that  the  rail- 
roads do  not  restore  the  canals,  to  increase  their  revenue,  for 
this  reduction  is  undoubtedly  dtie  to  the  fact  that  they  nuist 
earn'  crude,  raw  material  at  low^er  rates  to  maintain  the  indus- 
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tries  of  the  state,  which  the  canal  formerly  relieved  them  from 
and  still  delivered  at  a  profitable  lower  rate  to  the  manufac- 
turers.   Foreign  railway  statistics  confirm  this  conclusion. 

**At  the  time  of  the  sale  of  the  public  works,  many  years  ago, 
it  was  in  the  contract  of  the  sale  that  the  canals  should  be  kept 
open  by  the  purchasers  for  the  convenience  of  the  people  in  the 
transportation  of  their  productions." 

Is  it  not  high  time  to  inquire  why  this  stipulation  has  not 
been  fulfilled  or  to  proceed  to  recover  the  property  for  the 
violation  of  this  vital  condition? 

The  injury  does  not  stop  here;  the  national  link  across  New 
Jersey,  connecting  the  waters  of  the  Delaware  with  those  of 
Long  Island  Sound  and  the  Hudson  river,  was  leased  by  a 
railroad  corporation  in  June,  1871,  for  a  period  of  999  years 
with  an  annual  guaranty  of  ten  per  cent,  interest.  This  Dela- 
ware and  Raritan  Canal,  with  only  seven  feet  draught,  was 
transporting  in  1866  about  4,000,000  tons  of  freight  and  earned 
that  year  a  net  revenue  of  $933,642,  on  a  capital  of  $4,381,251 
or  about  23  per  cent.,  while  its  operating  expenses  were  less 
than  one-tenth  of  those  of  the  parallel  railroad.  The  conditico 
of  the  canal  to-day  is  that  the  traffic  has  been  reduced,  by  tht 
operating  company,  to  about  one-tenth ;  the  cost  of  operatioo 
exceeds  the  revenue  by  $114,.^^^,  and  in  addition  there  is  the 
ten  per  cent,  interest  to  pay,  making  a  deficit  of  over  $6oo,OOOp 
which  must  be  made  up  by  the  charges  on  the  traffic  carried 
by  rail,  and  which  is  paid  by  the  public  for  the  privil^rc 
of  thus  restraining  interstate  commerce.  The  government  does 
not  appear  to  favor  action  upon  the  numerous  appeals  to 
restore  and  enlarge  these  important  waterways,  and  has  done 
nothing  since  their  creation  in  the  early  part  of  the  past  cen- 
tury, for  the  improvement  of  these  vital  channels  of  coastwise 
commerce  and  defense. 

iUit  the  railroads  are  now  engorged  and  crying  for  relief 
from  the  excess  of  tonnage,  by  the  restoration  of  their  so-called 
old  time  "com])elitors."  This  cannot  be  secured  under  national 
ap])roprialioiis  because  of  the  enormous  amount  of  work  already 
under  way,  and  for  which  about  $500,000,000  are  required  to 
complete.  State  and  private  capital  must  come  to  the  rescue 
and  tolls  must  be  charged,  as  is  still  done  for  transportation  on 
railroads,  but  "flic  zcay"  will  be  open  for  all  classes  of  boats  and 
the  engorgement  will  be  greatly  relieved  for  the  general  good. 
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Xo  corporation  should  be  permitted  to  obtain  control  of  all 
the  avenues  of  communication  in  certain  districts,  in  restraint 
of  trade,  as  some  are  now  doing,  and  to  overcapitalize  the  con- 
solidated companies  thus  created,  at  inflated  values,  and  thus 
place  a  double  burden  on  the  community  from  increased  interest 
charges  and  higher  rates. 

The  country  needs  restrictive  as  well  as  enabling  legislation, 
and  needs  it  soon,  for  the  relief  of  the  railroads  as  well  as 
of  the  public. 


DISCUSSION.  I  2  7 


DISCUSSION. 


DISCUSSION — Epochs  of  Transportation. 

Mr.  Kellogg:  Mr.  President:  There  is  a  matter  connected 
with  what  Mr.  Hanpt  has  been  illustrating  so  ably  that  I  would 
like  to  speak  of,  and  that  is  the  idea  of  some  action  by  this 
society.  His  desire  is  that  this  society  should,  if  it  could  find 
itself  in  a  position  to  do  so,  urge  that  there  should  be  legislation 
enacted  for  the  purpose  of  stimulating  work,  under  private 
capital  and  control,  upon  our  waterways.  Grants  to  private  cor- 
porations as  they  were  granted  in  the  olden  times,  which  we  do 
not  recall,  any  of  us,  to-day,  have,  of  course,  gone  out  of  date. 
I  do  not  think  there  is  anybody  here  old  enough  to  go  back 
into  the  palmy  days  of  granting  privileges  to  parties  to  open 
canals  and  allow  them  toll  for  a  limited  number  of  years.  It 
is  Mr.  Haupt's  desire  that  we  should,  if  we  can,  present  such 
matter  as  we  see  fit  in  this  line  to  the  legislature  of  this 
state,  or  by  memorial  to  Congress.  I  think  I  ought  to  say  that, 
in  my  opinion,  at  least  the  society,  or  this  convention  at  this 
time,  will  probably  not  find  itself  disposed  or  qualified  to  take 
up  this  question,  that  is,  to  take  it  up  as  intelligently  as  we  would 
wish,  on  account  of  the  other  matters  that  are  before  us,  and  the 
limited  time.  But  after  what  we  have  seen  this  afternoon,  it 
has  certainly  been  sufficient  to  set  us  to  thinking  very  seriously 
on  the  matter.  If  we  could  do  it  in  our  work  to-morrow,  and 
bring  the  matter  to  a  head,  it  seems  to  me  it  would  be  a  very 
desirable  thing  to  do.  We  can  take  home  with  us  to-night  and 
endeavor  to  digest  what  we  have  seen  and  heard.  Then,  at 
a  subsequent  meeting,  we  could  bring  the  matter  up  and  put  it 
into  such  shape  as  the  majority  might  see  fit,  either  by  agree- 
ing to  present  a  mem.orial  to  the  state  legislature  or  to  the 
Congress,  and  see  w^hat  can  be  done,  for  the  relief  of  the  con- 
gestion of  traffic  in  various  places.  It  would  be  a  work,  as  it 
seems  to  me,  well  worth  our  undertaking. 

The  President  :  Gentlemen,  you  have  heard  what  Mr.  Kel- 
logg has  said.     It  seems  to  me  that  this  question  of  the  conges- 
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tion  of  traffic  is  something  very  serious,  particularly  in  our 
state,  in  connection  with  the  railroads,  for  our  waterways  are 
limited  in  number. 

Mr.  Kellogg:  Mr.  President,  I  move  that  that  subject  be 
brought  to  our  minds  to-morrow  for  a  short  discussion  if  we 
have  time. 

^lotion  seconded  and  carried. 

Mr.  Haupt:  Mr.  President  and  Gentlemen:  If  you  will 
permit  me  the  floor  for  a  moment,  I  should  like  to  state  what 
has  been  attempted  in  that  line,  and  why  it  has  not  been  more 
successful.  In  the  state  of  New  Jersey  in  1876  the  state  legis- 
lature being,  of  course,  under  the  practical  control  of  the  rail- 
roads, passed  a  law  authorizing  the  construction  of  ship  canals 
in  that  state.  The  first  section  of  that  law  provided  that  no 
canal  should  be  more  than  three  miles  long,  and  the  last  section 
provided  that  no  canal  pass  through  any  incorporated  town  or 
borough  of  the  state.  You  can  readily  see  what  such  legisla- 
tion as  that  amounted  to.  Xow  that  same  state  of  New  Jersey 
is  very  anxious  to  procure  the  control  of  the  development  of  the 
numerous  inlets  which  indent  the  coast.  For  twenty-five  years 
there  has  been  more  or  less  agitation,  but  in  the  absence  of  any 
legislation  there  has  been  very  little  accomplished.  The  state, 
however,  last  year,  under  Senator  Dryden,  asked  Congress  that 
it  be  allowed  to  take  the  control  of  its  own  waterways,  provided 
that  the  state'  should  not  undertake  any  work  where  the  national 
government  itself  contemplated  improvements,  and,  in  the  sec- 
ond place,  that  it  should  not  make  any  improvements  under  any 
j)lans  unless  they  were  submitted  to  and  approved  by  the  chief 
engineer  at  Washington,  and  in  the  third  place,  that  they  should 
not  charge  any  toll  upon  any  vessels  using  the  improvements. 

That  is  the  character  of  the  legislation  that  the  state  of  New 
Jersey  is  enjoying  to-day.  ' 

DISCUSSION— The  New  Haven  Cut. 

The  President:  Gentlemen,  this  paper  is  now  ready  for 
discussion,  or  for  any  (juestions  which  may  be  asked. 

Mr.  Jackson  :  There  was  one  point,  Mr.  President,  in  Mr. 
TnimbuH's  paper  that  has  occurred  to  me,  and  probably  has  to 
some  others  here,  which  it  might  be  well  to  say  a  word  about. 
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He  was  speaking  of  the  arrangement  or  plan  of  the  work 
which  was  brought  about  by  a  compromise  between  the  city 
of  New  Haven  and  the  railroad  company.  Of  course,  it  is 
pretty  well  understood,  I  think,  that  that  plan  was  drawn  up 
by  Mr.  Kelly,  a  member  of  this  society,  and  the  city  engineer 
of  Xew  Haven,  and  it  was  referred  to  a  great  deal  in  the  course 
of  the  discussion  on  the  matter,  and  the  final  plan  that  was 
adopted  is  due  to  Mr.  Kelly.  While  some  of  the  papers  had  it 
that  the  compromise  plan  was  one  that  was  suggested  by  the 
mayor  and  two  members  of  the  board  of  aldermen,  who  made 
up  the  committee  for  the  city  that  settled  the  matter,  yet  it 
was  really  the  Kelly  plan.  That  part  of  Mr.  Trumbull's  paper 
was  not  as  clear  to  me  as,  perhaps,  to  some  of  the  others. 

I  would  like  to  ask  Mr.  Trumbull,  also,  just  one  other  ques- 
tion, and  that  is  in  regard  to  the  run-off  of  one  one-hundredth 
of  an  inch,  if  he  thinks  that  that  will  be  ample  for  all  time,  if 
a  drainage  system  designed  on  that  basis  will  meet  the  demands 
of  the  future? 

Mr.  Trumbull:  Answering  Mr.  Jackson's  question,  I  would 
say  that  a  rainfall  rate  of  .01  of  a  foot  per  minute  on  the 
total  Cut  area  was  taken  as  governing  the  flow  requirements 
of  the  pipe.  The  territory  from  Water  street  to  Grand  avenue 
is  mostly  built  up,  practically  all  the  roof  and  street  drainage 
going  into  the  Xew  Haven  sewer  system.  From  Grand  avenue 
to  Mill  River  the  territory  is  largely  open  yards.  In  the  first 
case  it  was  assumed  that  only  the  water  falling  on  the  Cut 
area  would  enter  the  drainage  system  and  in  the  second  case 
that  the  runoff  would  be  so  far  behind  the  rainfall  that  a  pipe 
capacity  sufficient  for  the  Cut  area  would  also  take  care  of  later 
inflow  from  outside  territory. 

The  Cut  area  was  divided  into  sections  100  feet  long,  the 
discharge  for  each  section  determined  and  the  pipe  dimensioned 
on  this  basis,  the  flow  capacity  bfeing  figured  by  Kutter's 
formula,  with  a  slope  of  .00083  ^"^  ^"  equal  to  .013. 

The  Preside.n't  :  One  question  occurred  to  me  on  the  eleva- 
tion of  the  lower  part  of  the  cut. 

Mr.  Trumbull:  The  base  of  rail  is,  as  I  recall,  about  a  foot 
below  mean  high  water.  The  quantity  of  water  which  the 
temporar}-  plant  took  care  of  during  the  excavation  increased 
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very  rapidly  until  it  was  necessary  to  run  the  plant  night  and 
day,  but  since  the  excavation  the  flow  into  the  cut  has  been 
diminished  so  that  now  we  are  only  troubled  by  an  exceptionally 
high  tide,  or  heavy  rainfall;  thus  the  temporary  pumping  plant 
will  not  be  taxed  to  its  capacity,  but  will  do  its  greatest  work 
only  under  such  circumstances. 

Mr.  Kellogg:  I  would  like  to  ask  Mr.  Trumbull  about  the 
base  of  rail.    Is  that  one  foot  below  mean  high  water? 

Mr.  Trumbull:  I  am  wrong  about  that.  It  is  about  a  foot 
and  a  half.  The  dotted  line  on  the  plan  is  zero  elevation,  which 
is  mean  high  water. 

Mr.  Kellogg:  Do  you  know  about  what  point  it  is  in  the 
Cut  where  the  low  elevation  is  reached  ? 

Mr.  Trumbull:  That  is  along  in  the  territory  near  Chapel 
street. 

Secretary  Jackson  :  There  is  another  point  in  Mr.  Trum- 
bull's paper  of  particular  interest  to  me,  and,  by  the  way,  I 
would  like  to  ask  if  Mr.  Trumbull,  or  any  of  the  other  members, 
can  give  us  any  information  about  it,  and  that  is  as  to  the  use 
of  cast  iron  pipe  for  drainage  systems  of  this  kind.  I  know 
that  on  account  of  the  extreme  proximity  of  the  tracks,  it  would 
probably  make  some  difference  with  the  durability  of  the  sys- 
tem. I  would  like  to  know  if  systems  of  this  kind  have  been 
installed  elsewhere,  and  what  the  record  of  them  has  been.  I 
did  not  know  but  ]\Ir.  Trumbull  might  know,  or  that  some 
of  the  other  members  might  know  of  similar  instances.  Prob- 
ably ;Mr.  Hill  may  know. 

Mr.  Hill:  Cast  iron  pipe  is  used  frequently  for  culverts 
in  railroad  work.  It  is  generally  considered  unsafe  to  use 
vitrified  pipe. 

Mr.  Burt  :  I  do  not  understand  clearly  whether  the  manholes 
were  built  above  the  concrete  and  then  put  in  place  or  just  how 
that  is.     I  would  like  to  inquire  of  Mr.  Trumbull. 

]\Ir.  Trumbull:  It  was  originally  intended  to  build  the  ring 
of  the  manhole  above  ground  and  sink  it  to  its  final  depth,  but 
it  was  found  later  that  that  was  not  practical,  and  the  excava- 
tions for  the  manholes  arc  now  sheathed;  the  concrete  sides 
being  built  in  place. 

The  President:  Gentlemen,  is  there  any  further  discussion 
of  Mr.  Trumbuirs  paper.    This  is  the  end  of  our  program  for 
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the  afternoon.     If  there  is  no  further  discussion,  a  motion  to 
adjourn  until  to-morrow  is  in  order. 

Mr.  Trumbull:  Just  a  word,  Mr.  President,  in  regard  to 
Mr.  Jackson's  mention  of  Mr.  Kelly's  connection  with  the  final 
layout.  I  wrote  the  description  of  the  various  lines  in  some 
haste  and  may  have  neglected  to  mention  that  the  layout  sug- 
gested by  Mr.  Kelly,  known  as  the  "Kelly  Plan,"  was  essentially 
the  line  finally  adopted  for  the  lower  part  of  the  city. 


DISCUSSION — The  Charter  Oak  Sewer  System  Method 
OF  Assessment. 

The  President:  Gentlemen,  are  there  any  questions  to  ask 
Mr.  Alderson? 

Mr.  Alderson  :  I  might  state,  Mr.  President,  in  regard  to 
this  appeal  that  a  judge  of  the  superior  court  appointed  a  com- 
mittee, who  heard  the  case,  and  they  made  a  report  to  the 
chairman.  It  is  not  exceedingly  long.  I  think,  perhaps,  it  may 
be  of  interest  to  some  of  you,  and  I  will  take  the  liberty  of 
reading  it. 

VELHAGE'S  APPEAL. 
Concerning    Power  of   Commission   to   Assess   Damages. 
To  My  Associates  on  the  Committee: — 

In  my  opinion  it  is  not  the  duty  of  this  committee  to  suggest  any 
special  plan  of  re-assessment  or  indeed  to  suggest,  in  any  way,  how  the 
town  shall  pay  damages  to  the  appellant  in  case  this  committee  should 
decide  to  award  such  damages. 

It  is  evident  that  the  statute  covering  the  rights  of  sewer  commis- 
sioners, such  as  have  acted  in  this  particular  case,  has  given  authority 
to  the  special  committee  to  be  appointed  by  the  Superior  Court,  to  assess 
damages  if,  in  their  opinion,  such  damages  ought  to  be  assessed. 

I  am  of  the  opinion  that  the  method  by  which  the  assessments  were 
made  on  owners  of  land  in  the  Charter  Oak  System  is  as  fair  and  equit- 
able as  it  is  possible  to  devise,  under  the  existing  circumstances. 

The  Charter  Oak  System  must  be  considered  as  a  whole,  and  it  must, 
I  think,  he  conceded  that  each  individual  owning  property  in  that  dis- 
trict has  secured  the  right  of  outlet  into  the  sewers  of  Hartford,  for 
cver>-  acre  and  for  every  square  foot  on  which  he  may  hereafter  build 
a  house. 
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Wc  do  not  undertake  to  affirm  that  Mr.  Velhage's  land  is  or  is  not  as 
valuable  as  other  land  in  that  vicinity,  nor  is  it  our  duty  to  estimate  for 
him,  either  the  expense  of  grading  said  land,  the  putting  through  of 
streets,  or  the  expense  of  the  various  other  operations  which  must  pos- 
sibly be  undergone  before  his  land  shall  be  put  in  a  condition  to  make 
it  quickly  marketable.  We  affirm,  simply,  that  he,  in  common  with  all 
other  land  holders  in  that  section,  has  secured  the  right  of  outlet,  as 
above,  and  that  it  would  have  been  a  manifest  injustice  to  him,  to  have 
excluded  him  from  the  possession  and  exercise  of  said  outlet  right. 

With  regard  to  the  contention  that  a  certain  portion  of  his  land,  in 
making  a  mathematical  assessment  by  the  acre,  should  have  been  appor- 
tioned for  streets  and  should  not,  therefore,  have  been  assessed  for  this 
purpose  of  sewerage ;  I  am  of  the  opinion  that  such  contention  appears 
to  reveal  an  inequality  and  injustice  which  could  not  well  be  remedied, 
cither  by  the  West  Hartford  Sewer  Commission,  or  by  this  present 
committee. 

No  streets  are  in  existence  on  said  property,  or  have  we  any  right  to 
impose  streets  upon  this  land;  incidentally,  it  may  be  noticed  also,  that 
if  an  allowance  for  street  areas  was  allowed  to  this  appellant,  and  to 
other  owners  of  land  in  this  locality,  whose  land  is  not  already  laid  out 
in  streets,  the  difference  in  the  total  amount  of  the  assessment  upon 
this  appellant  would  not  be  great. 

Another  consideration  of  importance,  is  the  fact  that  until  such  land 
shall  become  occupied  by  streets,  as  contemplated,  the  appellant  has  the 
continual  use  for  farming  purposes  of  all  the  proposed  or  possible  street 
area  while  the  owners  of  property  abutting  on  streets  already  laid,  and 
accepted  by  the  Town  of  West  Hartford,  do  not  have  such  use  of  land 
already  thu*^  given  up  to  streets. 

With  regard  to  trunk  rights,  I  am  of  the  opinion  that  the  property  of 
the  appellant,  in  this  case,  has  a  real  interest  in  all  the  trunk  sewers 
actually  existing  in  this  district,  and  that  the  question  of  where  he  will 
hereafter  enter  such  trunk  lines  not  having  been  determined,  or  indeed, 
if  it  had  been  determined,  has  really  no  present  bearing  upon  the  question 
as  to  whether  he  should,  or  should  not,  be  assessed  in  proportion  to  his 
land  area  for  said  trunk  system. 

It  is  manifest  that  land  owners  whose  land  abuts  upon  streets,  such 
as  Darcy.  or  Boulanger,  will  not  probably  enter  the  main  line  of  sewer 
on  Flatbusli  Avenue,  yet  they  have  been  very  properly  assessed  for  their 
proportion  of  the  cost  of  the  trunk  system. 

Persons  owning  land  abutting  on  Flatbush  Avenue  are  not  expected 
to  ever  make  entrance  into  the  Prospect  Avenue  main  line,  yet  they 
have  been  properly  assessed  in  proportion  to  their  land  area  for  the  trunk 
line  system.  All  owners  of  land  lying  within  the  limits  of  said  Charter 
Oak  System  of  sewers  have  already  obtained  immediate,  not  remote 
benefits  from  the  outlet  right,  and  from  the  trunk  line  system,  which 
system  was  undoubtedly  necessary  to  the  successful  and  useful  com- 
pletion of  the  whole  sewerage  plan  as  it  has  been  carried  out  in  that 
district. 


DISCUSSION.  133 

I  am  of  the  opinion  that  the  Velhage  property  has  a  real  and  present 
interest  in  this  whole  system  equal  per  square  foot  to  that  of  any  and 
all  other  properties  within  the  Hmits  of  the  said  system  excepting  in  one 
particular;  it  must  be  noted,  that  all  the  other  large  unimproved  prop- 
erties lying  within  the  limits  of  the  district  abut  upon  .trunk  sewers  in 
such  a  way  as  to  make  house  drainage  immediately  possible  throughout 
their  entire  areas,  and  all  small  lots  of  land  are  upon  said  streets  already 
provided  with  sewers  which  run  directly  into  trunk  lines. 

The  Velhage  property  has  a  present  actual  opportunity  for  house 
drainage  for  only  a  small  portion,  i.  e.,  250  feet  on  Levesque  Avenue. 
No  trunk  line  has  been  laid  either  upon  Oakwood  Avenue  or  upon 
Levesque  Avenue,  or  through  the  property  itself,  although  evidence 
at  the  hearing  given  by  A.  B.  Alderson,  Engineer,  of  this  very  system 
and  by  others  reveal  the  fact  that  before  property  of  the  said  appellant 
can  be  properly  drained  a  lo-inch  sewer  pipe  must  be  laid  either  through 
Oakwood  Avenue  and  through  600  feet,  more  or  less,  of  the  said  Vel- 
hage's  land,  or  else,  beginning  at  a  point  on  Oakwood  Avenue  within 
350  feet  of  Levesque  Avenue,  a  sewer  must  be  laid  to  Levesque  Avenue, 
thence  easterly  on  Levesque  Avenue  something  more  than  500  feet,  and 
then  must  be  constructed  through  the  said  land  to  the  limits  either  of  the 
land  of  John  Heme,  on  the  south,  or  to  the  land  of  Patrick  and  Bridget 
Martin,  on  the  cast. 

I  am  of  the  opinion  that  this  committee  has  nothing  to  do  with  the 
possible  cost  to  Mr.  Velhage  of  securing  a  right  of  way  through  the 
land  of  Patrick  and  Bridget  Martin,  or  through  any  other  land  because 
we  do  not  know  that  such  a  right  of  way  will  ever  be  actually  secured. 
It  is  possible  that  the  said  Velhage*s  land  may  be  drained,  in  part 
through  the  250  feet  of  sewer  now  on  Levesque  Avenue,  and  in  part 
through  Oakwood  Avenue  to  Flatbush  Avenue,  or  it  may  be  suggested 
that  property  of  the  said  Patrick  and  Bridget  Martin  and  John  Heme 
may  be  improved,  i.  c.,  cut  up  into  streets  and  built  upon,  and  sewers  may 
be  laid,  long  before  the  Velhage  property  shall  be  thus  improved. 

Having  decided  that  the  said  Velhage  property  is  benefited  equally  with 
all  the  others  by  securing  the  right  of  outlet  and  the  right  to  use  the 
trunk  lines  of  this  system,  and  is  not  within  our  province  to  decide 
how  he  shall  avail  himself  of  these  privileges  or  to  determine  at  what 
time,  or  with  what  expense  he  may  so  avail  himself. 

I  am,  however,  of  the  opinion  that,  since  witnesses  for  the  appellant 
and  for  the  defendant  have  admitted  and  testified  to  the  fact  that  a 
trunk  line  sewer  must  be  laid,  either  first,  through  the  said  Velhage 
property,  or,  second,  upon  abutting  streets  in  part,  and  in  part  through 
said  Velhage's  property,  the  owners  of  land  throughout  this  entire  sys- 
tem of  the  Charter  Oak  Sewer  district  should  have  joined  with  the 
appellant  in  the  expense,  which  is  to  be  incurred  in  thus  placing,  for  the 
use  of  his  property,  a  trunk  sewer,  i.  e..  a  sewer  2  inches  larger  than  the 
said  Sewer  Commission  of  West  Hartford  settled  upon,  as  the  size  basis 
of  this  entire  svstem. 
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While  it  is  impossible,  as  aforesaid,  to  determine  exactly  the  number 
of  feet  of  trunk  line  sewer  which  will  hereafter  thus  be  laid  to  make  the 
entire  system  complete,  and  serviceable  for  each  and  every  land  holder, 
the  appellant  land  holder  included,  yet,  if  we  accept  the  plan  which  the 
West  Hartford*  sewer  commission  has  declared  to  be,  in  their  best 
judgment,  the  best  plan,  at  least  1,465  feet  of  10  or  12-inch  sewer  pipe 
must  be  laid  for  this  tract  of  land  at  a  cost  (considering  the  fact  that 
said  sewer  must  be  laid  a  good  deal  of  the  way  at  a  depth  of  from 
15  to  18  feet)  of  from  15  to  25  cents  extra  per  foot  over  the  8-inch 
sewer  pipe  which  was  adopted  as  the  size  basis  of  this  system,  thus 
making  a  total  extra  cost  for  the  trunk  sewer  to  properly  and  adequately 
complete  this  system  of  about  three  hundred  ($300)  dollars. 

It  is  my  opinion,  without  going  accurately  into  sewer  estimates  and 
calculations,  such  as  manifestly  cannot  be  made  absolutely  correct  at 
this  time,  that  the  appellant  in  this  case  should  be  awarded,  in  the  amount 
of  three  hundred  ($300)  dollars. 

(Signed)  Lester  L.  Potter, 

Chairman. 

The  President:  Mr.  Alderson's  paper  is  now  before  you 
for  discussion. 

Mr.  Bunce  :  I  would  like  to  say  a  word  or  two  on  this  mat- 
ter as  representing  the  other  fellow.  The  man  who  made  the 
appeal  from  this  assessment  was  a  client  of  mine.  This  is 
a  matter  which  it  strikes  me  may  not  be  of  especial  interest 
to  all  of  the  members  of  the  society,  but  those  members  who 
are  connected  with  a  city  government  or  town  government 
where  sewer  systems  are  laid  out  know  that  one  of  the  difficul- 
ties necessarily  attendant  upon  the  laying  out  of  sewers  is 
an  assessment  to  pay  for  their  cost,  and  I  think  they  all  appre- 
ciate the  difficulties  that  lie  in  the  way  of  every  one  who  tries 
conscientiously  and  fairly  to  make  what,  in  his  opinion,  is  a 
just,  reasonable  and  proper  assessment.  It  is  a  matter  that  for 
a  great  many  years  I  had  to  deal  with,  and  while  I  am  now  out 
of  active  operation  in  that  line,  I  am  still  frequently  called 
upon,  in  view  of  the  experience  that  I  have  had,  as  an  expert 
in  this  matter. 

Now  in  relation  to  this  matter  before  us,  one  thing  which  Mr. 
Alderson  has  not  stated  in  reference  to  the  agreement  between 
the  town  of  West  Hartford  and  the  city  of  Hartford  was  that 
no  surface  water  should  be  permitted  to  enter  the  sewer  system 
of  Hartford,  and  that  the  system  which  was  to  be  built  by  West 
Hartford  must  be  confined  entirely  to  house  drainage.     The 


man  whom  I  represented  has  a  tarm  containing  about  13.65 
acres.  It  is  as  Mr.  Alderson  has  stated,  or  as  it  has  been  stated 
in  the  report  of  the  chairman  of  the  committee,  practically  bot- 
tled up.  That  is,  it  has  not  any  frontage  or  any  existing  sewer. 
And,  by  the  way,  let  me  say  that  so  far  as  the  plan  of  the  assess- 
ment which  was  adopted  by  Mr.  Alderson  in  this  case  is  con- 
■  cemed,  we  had  no  contention.  It  seemed  to  be  an  equitable 
way  of  distributing  the  expense,  but  in  estimating  areas  upon 
which  these  two  items  of  one  and  two,  on  which  we  appealed, 
there  was  no  attention  to  or  notice  taken  of  street  areas  in 
the  district  and  it  seemed  to  us  that  that  was  a  fair  claim 
for  exemption  upon  this  particular  property.  It  seemed  so 
_  to  me  for  two  reasons:  first,  that  it  was  utterly  impossible 
f  for  him  to  use  this  system  of  sewers  until  such  a  time  as 
the  property  was  cut  up  into  building  lots,  and  built  upon, 
and  second,  then  such  a  purpose  should  be  carried  out  that 
he  would  then  have  no  right  to  drain  whatever  surface 
might  be  taken  for  street  purposes,  and  which  was  necessary 
in  developing  the  property.  A  house  could  not  be  built  upon 
that  property  situated  the  way  it  was  until  the  streets  were  laid, 
I  think  ^Ir.  Alderson  is»  perhaps,  a  little  misleading  in  one 
statement  that  he  makes  where  he  says  that  the  town  of  West 
Hartford  had  no  knowledge  where  streets  would  be  laid  out  on 
this  property.  Now  if  those  of  you  w^ho  have  a  copy  of  the 
bulletin  will  look  at  the  little  map,  you  will  notice  upon  that 
map  a  plot  marked  \'elhage  property,  which  lies  in  the  upper 
right  hand  corner  of  the  map,  the  dotted  lines,  as  I  understand 
it,  representing  two  proposed  streets.  Those  dotted  lines,  or 
proposed  streets,  were  sliown  upon  the  official  town  map  of  the 
B  town  of  West  Hartford  as  an  exhibit  in  this  hearing,  and  it 
seemed  to  me  that  the  development,  as  suggested,  was  a  fair, 
reasonable,  and  probable   way   in   which  that  land   would  be 

Icut  up  finally,  if  it  was  cut  up  at  all  So  that  the  town  did 
h|Kve  knowledge,  in  a  certain  sense,  at  any  rate,  what  streets 
SIbre  to  be  laid  out  there,  and  where  the  streets  should  be.  Now 
the  surface  covered  by  those  streets  as  mapped  out  on  the  town 
map  would  measure  about  two  acres.  One  of  our  claims  was 
lliat  after  the  street  or  surface  had  been  taken  into  considera- 
ftion  in  all  other  estimates  of  the  area  in  the  district  that  it  was 
^a  fair  exemption,  or  that  a  certain  exemption  should  be  made 
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upon  that  surface  area.  There  were  various  propositions  in  the 
way  of  substitutes  as  to  how  this  property  should  be  drained 
otherwise  than  through  these  streets  as  indicated  on  that  map. 
but  I  do  not  beheve  for  a  moment  that  Mr.  Alderson  or  any 
engineer  would  suggest  entering  a  system  of  sewers,  or  the  use 
of  a  system  of  sewers  from  a  quarter  to  half  a  mile  long,  when 
the  best  grade  could  be  gained  at  another  point.  In  other  words, 
if  the  sewers  were  built  through  the  street,  as  proposed,  they 
would  enter  the  trunk  sewer  at  its  lower  end,  and  naturally,  of 
course,  a  better  grade  could  be  obtained  than  at  a  point  very 
much  higher.  Now  I  have  never  heard,  and  I  never  knew 
what  the  reasons  were  that  governed  the  committee  in  making 
the  deduction  in  the  assessment  until  I  heard  it  this  morning. 
I  will  say  this  in  relation  to  this  assessment,  and  perhaps  that 
is  the  reason  largely  why  the  appeal  was  taken, — that  the 
town  of  West  Hartford  had  been  reassessing  property,  and  that 
they  have,  in  a  great  many  cases,  raised  the  assessable  value. 
Whether  they  have  raised  the  value  of  this  property,  I  do  not 
know,  but  1  notice  that  this  property  was  assessed  $3,180,  and 
assessment  upon  the  elevated  part,  omitting  the  items  upon 
which  we  made  no  contention,  because  there  was  a  small  comer 
of  the  property  which  abutted  on  a  sewer,  and  upon  which 
there  was  no  appeal, — the  assessment  proposed  on  this  land 
valued  at  $3,180  was  $2,290,  and  it  did  seem  to  my  cHent  that 
that  was  almost  a  sacrifice  of  the  value  of  the  property  to 
put  such  an  assessment  upon  it.  I  think  that  was  the  reason  we 
had  for  appealing. 

Now,  as  I  said  before,  in  speaking  of  this  matter,  I  have 
no  criticism  of  the  plan  of  assessment  proposed  here,  because, 
as  1  said,  at  the  beginning,  it  is  one  of  the  most  difficult  prob- 
lems that  an  engineer  has  to  contend  with,  and  it  is  an  ever 
varying  problem.  I  do  not  know  in  all  of  my  long  experience  as 
an  engineer  connected  with  a  city  government  that  I  ever  had 
two  cases  that  were  exactly  similar.  Each  case  had  to  be  set- 
tled and  studied  out  by  itself,  and  it  was  the  most  difficult  part 
of  the  work  to  fairly  satisfy  myself  as  to  proper  methods  to 
pursue  in  order  to  equitably  distribute  sewer  assessments. 

Mr.  Aldrrson  :  ]\Ir.  President,  of  course,  I  do  not  like  to 
take  up  too  much  time  in  connection  with  a  matter  of  this  sort, 
because  I  recognize  that  it  may  not  be  one  which  is  generally 
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interesting  to  the  members  of  the  society,  or  one  which  will 
prove  very  instructive,  but  I  would  like  the  privilege  of  answer- 
ing one  or  two  of  the  points  which  Mr.  Bunce  has  brought  out, 
because  I  fear  that  perhaps  a  little  misunderstanding  may 
arise  in  regard  to  them.  In  regard  to  the  dotted  lines,  showing 
the  proposed  streets  on  the  official  exhibit,  that  Mr.  Bunce 
refers  to,  we  simply  had  that  in  order  to  show  the  feasibility  of 
planning  the  location  and  direction  of  the  sewers,  with  reference 
to  that  property.  Necessarily  I  had  to  show  probable  direc- 
tion of  proposed  streets.  I  spoke  with  the  owner  about  the 
matter  several  times,  but  it  was  impossible  to  get  his  ideas  in 
regard  to  a  definite  sub-division. 

Mr.  Bunce:  Just  one  word  more.  The  opinion  of  the  chair- 
man of  the  committee  awarding  my  client  three  hundred  dol- 
lars damages,  or  a  reduction  in  the  assessment,  was  evidently 
not  fully  considered  by  the  other  members  of  the  committee, 
as  I  believe  that  the  grant  actually  given  to  my  client  was  $423. 
Mr.  Alderson:  I  understand  that  the  final  adjustment  is 
$300.  The  other  members  of  the  committee  have  agreed  to 
sign  the  chairman's  report. 

!Mr.   Bunce:    I  have  seen  published  a  statement  that  the 
reduction  amounted  to  $423. 

Mr.  Aldersox  :  I  cannot  explain  the  discrepancy. 
Mr.  Bunce:    That  is  not  the  report  of  the  committee.     It 
is   the  report  of  the  chairman  to  the  other  members  of  the 
committee,  as  I  read  it. 

!Mr.  Alderson  :  Well,  it  may  be  there  was  a  reduction  made 
later. 

^1r.  Bunce:  I  understand  that  $423  was  the  reduction. 
Mr.  Burt:  Mr.  President,  this  subject,  as  the  last  speaker 
has  stated,  is  hedged  about  with  all  sorts  of  complications,  and 
no  two  cases  are  alike.  I  had  some  experience  with  the  sewer 
in  Darcy  street,  which,  as  I  understand,  is  near  where  this  plant 
comes  in  or  one  of  the  outlets,  and  also  the  laying  out  of  some 
property  on  a  connecting  street  over  here  in  the  north  end,  so 
that  I  am  somewhat  familiar  with  the  locality,  and  I  think  I 
can  appreciate  the  difficulties  that  were  labored  under.  Now 
as  Mr.  Bunce  has  said,  there  are  hardly  two  assessment  plans 
alike,  and  there  are  always  a  multitude  of  cases  of  apparent 
injustice.     The  principle  of  assessment  here,  in  a  general  way, 
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by  areas,  would  appear  to  be  perhaps  as  fair  as  any,  yet  to  my 
mind  there  would  be  some  prominent  objections,  or  exceptions 
to  that  rule.  I  would  not  use  the  term  objections  exactly,  but 
put  it  exceptions  to  that  rule.  For  instance,  a  certain  excep- 
tion would  be  in  the  case  where  the  property  was  laid  out  in 
lots  and  streets.  The  corner  lot  property  would  in  that  case 
perhaps  be  unjustly  taxed,  and  here  in  the  city  of  Hartford,  and 
I  suppose  it  is  so  elsewhere,  that  principle  is  recognized.  I 
think  Mr.  Bunce  will  bear  me  out  in  this,  that  if  a  man  is 
entitled  to  sewer  privileges,  and  if  he  owns  the  comer  lot,  that 
he  should  not  be  assessed  on  both  streets,  but  should  be  assessed 
for  the  privilege  of  sewering  into  the  nearest  competent  sewer. 

I  do  not  understand  from  this  little  chart  just  where  the 
outlet  is  to  the  Park  Avenue  system.  I  do  not  know  as  Mr. 
Alderson  has  indicated  it  on  the  plan. 

Mr.  Alderson:  One  outlet  is  at  New  Park  and  Prospect 
avenues.     The  other  at  Prospect  avenue  and  Merrill  street. 

Mr.  Burt  :  I  do  not  know  as  I  care  to  take  up  any  further 
time.  This  is  a  subject  which  has  more  features  which  it 
would  be  interesting  to  discuss,  but  the  main  features  are,  of 
course,  well  understood.  It  has  been  stated  clearly  that  every 
case  is  hedged  about  with  many  complications,  and  that  is  cer- 
tainly so. 

Mr.  Hill:  Mr.  President,  there  is  just  one  point  in  Mr. 
Alderson's  admirable  paper  that  I  think  might  be  emphasized 
more.  I  notice  that  on  page  four  he  says:  "Again,  allow  me 
to  state  that,  in  my  opinion,  too  much  importance  cannot  be 
attached  to  the  privilege,  or  rather  the  right,  I  might  say, 
which  the  property  owners  acquire  to  sewer  their  property  at 
any  time."  That  is  certainly  true.  It  is  getting  to  be  so  now 
that  prc^perty  that  is  intended  for  residential  purposes  is  not  of 
very  much  value  for  those  purposes  unless  it  can  be  sewered, 
and  if  the  property  can  get  those  facilities  they  are  worth  in 
almost  all  cases  a  great  deal  more  than  the  actual  cost.  That  is 
something  I  think  that  is  true  in  almost  all  cases;  that  the 
actual  value  to  the  property  of  sewerage  facilities  is  almost 
always  more  than  the  actual  cost. 

Mr.  Brown:  Mr.  President,  may  I  ask  one  question?  Of 
course,  this  owner  who  appealed  for  damages,  or  for  a  reduc- 
tion in  the  assessment,  had  some  land  that  would  be  greatly 
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I  benefited  by  drainage.  Is  there  no  way  that  he  could  etiter  his 
^■storm  water  into  this  sewer,  and  so  get  some  benefit  for  the 
^■assessment  that  he  pays? 

^M  Mr.  Alxierson  :  I  would  state  in  answer  to  that  question  that 
^■our  agreement  with  the  city  of  Hartford  prevented  us  from 
^  taking  any  surface  water  into  that  sewer. 

Mr.  Palmer:   One  point  occurred  to  me.    In  the  report  or 
paper  I  notice  the  statement  is  made  that  the  treasury  of  the 
'       town  of  West  Hartford  pays  no  portion  of  this  sewerage  assess- 
!      ment.     Of  course,  the  amount  of  the  appeal  is  only  a  small 
item, — three  hundred  dollars:    but  supposing  it  had  been  two 
j       thousand    dollars?      That    would    have   been   a   very   material 
i      portion  of  the  cost  of  the  sewer.     How  would  that  have  been 
made  up?     Would  it  have  been  necessary  to  make  a  reassess- 
ment ? 

Mr.  Aldersox  :  Well  I  think  I  shall  have  to  stand  corrected^ 
and  state  that  the  town  treasury  would  have  to  meet  such 
I      expenses. 

I  DISCUSSION — Description  of  Concrete  Ci;rb  on  Park 
^^  Terrace,  Hartford.  Conn. 

^"      The  pREsmENx:  Gentlemen,  Mr.  Clark's  interesting  paper  is 

before  you.  Are  there  any  questions? 
^^  Mr,  Ford:  Mr,  President*  I  wish  Mr.  Clark  would  explain 
^'just  how  that  was  put  on.  It  seems  to  me  that  in  concrete  con- 
struction the  finishing^  is  a  very  important  feature.  Of  course^ 
it  does  not  affect  the  stability  of  concrete  structures^  but  it  does 
^affect  the  appearance  of  the  work,  I  wish  Mr.  Clark  would 
State  how  long  the  concrete  was  allowed  to  set  before  the  wash 
was  put  on.  In  many  cases  where  cement  mortar  is  used  there 
really  is  no  union  between  it  and  the  concrete  work»  so  that  this 
finishing  is  apt  to  be  an  important  feature,  I  think  we  have 
there  one  of  the  handsomest  artificial  curbs  ever  laid  in  the  city 
of  Hartford,  Mr,  Clark  has  given  a  lot  of  time  to  it  and  taken 
a  great  deal  of  pains  to  see  that  he  jerot  it  as  nearly  perfect  as 
possible,  I  think  that  a  little  further  explanation  on  that 
particular  feature  would  be  of  interest. 

Mr*  Clark:    What  was  the  question? 
I     Mr.  Ford:  How  long  was  the  concrete  set  before  you  put  on 
that  washing? 
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Mr.  Burt:  What  thickness,  or  what  was  the  final  thickness 
that  you  put  on  in  order  to  make  the  thickness  of  a  sixteenth  of 

an  inch? 

Mr.  Clark:  Why,  there  was  no  appreciable  amount  of 
plaster  showing  on  the  smooth  work  at  all.  No  plastering  was 
necessary  to  give  it  a  good  appearance.  The  surface  was  ver}* 
smooth  when  the  form  was  taken  off,  and  it  w^as  then  just  rubbed 
over  with  the  wash.  No  definite  thickness  was  applied  or  any 
attempt  made  to  get  a  certain  thickness. 

Mr.  Burt  :  What  I  had  in  mind  was  what  pecuHar  advantage 
there  was  in  a  vertical  profile  curve  except  in  cases  of  excessive 
change  of  grade?  Is  there  a  marked  advantage,  a  noticeable 
advantage  in  the  profile  in  this  parabolic  curve  on  a  vertical 
curve  ? 

Mr.  Clark:  Well,  do  you  mean  in  comparison  with  a 
circular  curve? 

Mr.  Burt:  Yes,  sir. 

Mr.  Clark  :  Well,  I  think  there  is,  and  it  is  more  convenient 
on  an  ordinary  grade. 

Mr.  Burt:  And  there  is  another  point,  Mr.  President,  that  I 
would  like  to  ask  about,  and  that  is,  as  to  the  length  of  these 
sections.     I  think  you  said  in  the  paper  they  were  ten  feet. 

Mr.  Clark:  Those  are  the  Wainwright  rails,  those  ten  foot 
lengths. 

]\[r.  Burt:  I  have  examined  that  work  out  there  and  it  cer- 
tainly i)resents  a  nice  appearance.  I  was  out  there  during  its 
constructit^n,  and  it  is  a  very  fine  piece  of  concrete  work  set  on 
a  curve.  It  has  been  a  question  in  my  mind,  however,  just 
how  that  would  compare  with  a  granite  curb  in  its  wearing 
qualities  and  its  durability.  I  think  we  have  long  sections  of 
that  in  Hartford  and  vicinity.  ^Mr.  Henderson  and  others  are 
very  possibly  more  familiar  with  it,  that  is,  more  familiar  with 
the  actual  wearing  cjualities  and  its  durability,  there  having 
been  some  of  it  used  in  connection  with  the  Connecticut  River 
bridge  and  out  toward  East  Hartford  center.  On  that  curb 
construction,  this  material  was  used  I  understand.  I  believe 
it  was  used  for  a  distance. — well,  it  must  be  in  the  neighbor- 
hood of  two  miles.  I  should  think.  There  is  a  case  where  the 
curb  with  this  \\'ainwright  border  on  the  curb  line  has  been  in 
wear  or  in  use  for  several  vears,  but  there  is  this  difference 
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about  it,  the  one  I  mention  is  set  on  a  straight  line  while  this 
is  on  a  cun^e.     I  have  noticed  it  as  I  have  been  going  along 
by  there  in  the  car.     I  think  it  has  stood  the  wear  very  well 
indeed.     I  do  not  know,  from  a  close  examination.     I  would 
like  to  hear  about  that  from  those  who  are  more  familiar  with  it. 
There  is  one  point  in  regard  to  this  kind  of  construction  that 
I  would  like  to  ask  about,  and  that  is  in  reference  to  the  cost  of 
such  work.     I  would  like  to  get  some  figures  on  that,  if  possible, 
in  order  that  I  might  compare  with  the  cost  of  granite  curb. 
This  method  of  construction  is  especially  valuable  in  curved 
work,  for  we  all  know  that  the  cost  of  cutting  granite  is  exces- 
sive, and  it  adds  very  materially  to  the  cost  by  having  it  cut  on 
a  curve,  and  especially  on  a  sharp  curvature.     I  do  not  know 
whether  the  comparison  could  be  made  with  justice  here,  for 
the  reason  that  the  East  Hartford  curbs  are  all  on  a  straight  line 
and  this  is  all  on  a  curve.     Still,  it  would  be  interesting  to  have 
some  idea  of  what  the  cost  of  the  straight  part  at  East  Hart- 
ford was.     I  do  not  know  as  that  has  been  brought  out.     As  far 
as  ordinary  observation  goes,  the  curb  stands  well,  although  I 
have  noticed  in  some  places  a  deterioration,  owing  to  the  action, 
I  should  judge,  of  frost.      The  Wainwright  rail  is  a  decided 
protection  to  it.     As  to  minimum  depth  of  curb  I  am  not  quite 
clear.     Practically  a  depth  of  a  little  over  two  feet  in  the  gutter 
is  a  sufficient  depth  to  protect  from  frost,  or  to  protect  it  from 
the  action  of  frost ;  still,  we  know  very  well  that  frost  frequently 
goes  into  the  ground  nearly  three   feet  in  extreme  weather. 
On  the  other  hand,  the  ordinary  curb  about  the  city,  and  about 
all  cities,  I  guess,  is  set  very  shallow,  and  is  easily  thrown  out 
of  place  and  has  to  be  re-set.      Of  course,  that  must  not  be 
allowed  in  concrete  work,  because  anything  that  would  upheave 
would  shake  it  to  pieces.     I  would  like  also  to  have  Mr.  Clark 
explain  a  little  the  joining  of  the  iron  on  top  part  of  the  curbs. 
I  think  it  would  interest  me  and  other  members. 

Mr.  Ford:  I  might  say  that  as  compared  to  the  cost  of 
granite  there  was  some  reduction  in  the  price.  My  impression 
is  that  the  granite  was  from  91  to  93  cents.  There  was  a  little 
difference  there.  I  am  speaking  with  reference  to  that  which 
was  laid  on  the  causeway.  The  work  over  on  the  causeway, 
however,  was  not  to  be  compared  with  this. 
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Mr.  Crawford  :  I  have  gotten  $1.14  for  that  curb  and  gutter. 
The  gutter,  I  think,  was  twenty  inches  wide,  about  eight  inches 
thick,  and  about  ten  inches  at  the  edge. 

Mr.  Phelps  :  Mr.  President,  I  would  like  to  ask  in  connec- 
tion with  this  discussion  if  anyone  has  had  any.  experience  with 
building  of  concrete  curbing  without  angle  irons.  I  built  about 
fifteen  hundred  feet  last  fall  on  a  residence  street,  and  it  looks 
as  though  it  would  stand. 

I  would  like  to  ask  also  about  the  depth  of  the  foundation.  I 
notice  that  in  all  the  concrete  work  here  in  the  city  that  we  have 
been  used  to  putting  in,  there  is  a  considerable  depth  of  founda- 
tion, but  in  places  along  the  shore  where  there  is  a  sandy  soil 
they  put  no  foundation  whatever.  Some  of  the  work  which  has 
been  put  in  without  any  foundation  seems  to  have  stood  just 
as  well  as  walks  with  foundation,  and  if  that  is  the  case  in 
sandy  soil,  it  would  seem  to  me  that  a  curb  might  be  put  in  with 
a  good  deal  less  foundation  than  two  feet  and  make  the  cost  a 
good  deal  cheaper. 

The  President:  Can  any  one  answer  Mr.  Phelps'  question? 

Mr.  Bush  :  In  regard  to  breaking  corners  concrete  curbs,  I 
was  talking  some  years  ago  with  an  engineer  from  western 
New  York,  and  he  was  telling  me  his  experience  in  that  line  of 
work.  He  said  that  he  had  built  a  number  of  miles  of  curbing 
without  metal  corners,  and  it  had  been  very  satisfactory.  I  am 
under  the  impression  that  he  has  laid  eight  or  nine  miles  of 
it  in  different  towns  in  western  New  York.  He  said  it  seemed 
to  work  all  right.  Possibly  the  real  danger  is  less  than  is 
shown  in  the  section  gotten  out  by  the  Wainwright  people. 
Possibly  it  would  not  look  as  well  where  it  was  built  by  the 
other  method,  but  this  engineer  that  I  was  talking  with  from 
western  New  York  says  it  works  all  right. 

Mr.  r>URT:  I  suppose  that  would  depend  largely  upon  the 
wear  or  ui)on  the  possibility  for  wear.  That  is,  especially  on 
the  corners,  it  would  be  well  to  have  something  to  protect  it. 

Mr.  Pheli's:  I  should  think  it  would  stand  except  perhaps 
on  the  sharp  corners. 

Mk.  1)L'rt:  I  think  you  would  find  that  it  would  require  the 
irons. 
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DISCUSSION — Completion  and  Operattox  of  the 
,  Haven  Water  Company's  Filter  Plant. 


New 


The  President:  Mr.  Ferry*s  paper  is  before  yoiu  gentle- 
men, for  discussion. 

Mr.  Ferry  :  This  tabic  which  is  attached  at  die  end  of  the 
paper  showing  the  percentage  of  removal  of  bacteria  will  per- 
haps not  compare  favorably  with  some  other  filters,  but  1  think 
in  the  number  of  bacteria  in  the  filtered  water  that  the  results 
are  ver>'  nearly  equal  to  the  best  records.  The  reason  for  this 
is  that  we  have  a  very  small  number  of  bacteria  in  the  applied 
crater.  Instead  of  having  forty  or  fifty  thousand  bacteria  per 
^  cubic  centimeter  in  the  applied  water  as  they  do  in  some  places, 

I  we  only  have  two  or  three  hundred.  Of  course,  under  these 
circumstances  we  cannot  expect  as  high  a  percentage.  The 
"highest  number  passing  through,  I  think,  is  about  ;i2.  Since 
this  paper  was  prepared,  Air.  Connor  has  told  me  on  two  occa- 
sions that  he  has  only  found  one  colony  in  the  filtered  water ; 
which  is  practically  sterile. 

Mr.  Wheeler:  There  are  several  points  is  this  paper,  Mr. 
I  President,  that  seem  to  me  noteworthy,  although  I  have  not 
studied  the  subject  very  extensively :  and  one  is  with  regard 
'  to  the  size  of  the  sand.  I  understand  Mr.  Ferry  to  say  that 
be  thinks  the  finest  sand  gives  a  better  efiluent,  and  does  not 
pass  quite  so  much  water  as  the  larger  sand,  but  gives  about 
the  same  bacterial  result. 

In  the  table  which  is  given  upon  page  37,  the  results  seem 
tine  remarkable.  I  have  made  a  test  of  several  spring  waters, 
of  well  water,  and  have  found  about  fifty  bacteria  per 
[icubic  centimeter  more  than  he  shows,  so  that  the  purification 
seems  to  be  quite  gratifying-  I  would  like  to  ask  Mr,  I^^erry 
regarding  the  larger  quantity  that  he  found  on  the  27th  of 
>ber, — ^2140  bacteria  per  cubic  centimeter  in  the  applied 
water.  What  circumstance  would  explain  the  larger  number 
then?  Was  it  due  to  any  particular  cause?  Also  regarding 
the  cost  of  the  filtered  water — how  does  that  compare  w^th  the 
,  cost  elsewhere  ? 

Mr.  Ferry:  The  date  in  October,  October  27th,  refers  to 
.  a  time  following  heavy  rains,  and  the  number  is  probably  due 
;  to  the  washing  of  material  into  the  waten 
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I  lit  riihiiil  n,<\  »if  till-  filtcrivl  wjiler, — I  have  no  figures  for 
fijif  liiii.  ;i;  I  ^:;iv  III  tlif  pjiprr,  \vc  cniploy  ten  men  a  day  to 
I  li  Mil  \\u  luih.  Mini  wr  li;ivr  tlira*  mcMi  on  duty  in  the  daytime 
»♦»>!  ^\^•«  :il  iiiijit  iill  thr  tinu\  I  do  not  know  whether  the 
«.»«n|MM\  h:i^  m.nl*'  iiiiy  lijLiniv^  to  dotcrmine  the  cost,  so  as  to 
\^^^\\  Hit  i.».i  pn  iuiUkmi  ]L:allons  tiUored.  If  they  have,  I 
!♦  n  »   i».»i  li  \\\  till  iM 

\   \|i  MPi  i;      I  \>.»uM  like  lo  a^k  Mr.  Terry  in  regard  to  that 

"'^  «••*.,  n.»:   \i.,  ,M    \wm\  attv'v  tho  tihor  Iiad  been  cleaned — 

w  ■•,  ■■'•,  •  <■',  -M,  .,  'u^'  ,M  AW  ^\\  \\w  v.pivr  layer  oi  sand  had  any- 

•      ■  •   •  ^^  ■'■  ■■■       "■   ■^;^^■  ^ i'.ivl  :".:.i:  :::  <A:r.o  ..'iher  w.'rk<  the 

■     ^  -   "^N :  xx'      :.-'   :':-.',  :!:ere   is  a  liability  of 

.  W    «■        ■' ^■■■^         •    •  ■  ^    -"w^-,...-^    •.••■'^_i'-^ 
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is  left  in  the  water;  and  that  you  will  see,  during  the  month 
of  December,  was  very  low  indeed,  varying  from  five  to  eight. 

There  is  another  point  that  might  be  interesting  to  call  atten- 
tion to,  in  relation  to  the  cleaning  of  the  filters.  The  usual 
method  of  cleaning  is  by  scraping  and  washing  the  sand  and 
replacing  it.  Mr.  W.  B.  Fuller,  with  whom  I  was  talking  about 
the  matter  a  few  weeks  ago,  said  that  they  were  experimenting 
with  simply  washing  the  filter,  that  is,  taking  the  filter  and  divid- 
ing it  into  sections,  and  allowing  a  stream  of  water  to  flow  over  it 
with  considerable  velocity.  He  said  that  the  results  were  very 
good  indeed,  and  the  cost  very  much  less  than  by  the  usual 
method  of  scraping  and  washing. 

So  I  would  say  that  the  matter  of  the  filtration  of  water  is 
something  in  which  improvements  are  being  made  all  the  while, 
and  the  end  is  not  yet. 

DISCUSSION — Some  Tests  ix  Sighting  at  Leveling  Rods 
AND  Stadia  Rods. 

The  President:  Gentlemen,  Professor  Tracy's  paper  is 
before  you  for  discussion. 

Mr.  Burt:  Mr.  President,  there  is  just  one  point  that  I 
would  mention,  and  that  is  about  the  value  of  this  method. 
I  have  found  occasions  where  in  crossing  streams  in  a  prelimin- 
ary survey  for  a  railroad  it  was  especially  valuable  and  suffi- 
cient accuracy  is  often  obtained  by  the  use  of  such  a  method  in 
that  kind  of  preliminary  work.  As  a  rule,  it  is  entirely  suffi- 
cient. I  remember  very  well  my  first  use  of  the  stadia,  or  when 
I  was  first  introduced  to  it.  It  was  at  the  time  of  the  Connec- 
ticut River  survey  quite  a  number  of  years  ago,  I  should  say 
some  twenty  or  more,  and  the  work  was  carried  on  under  the 
direction  of  General  Theodore  G.  Ellis,  C.E.,  who  had  a  central 
office  here.  The  value  of  the  stadia  in  each  case  was  determined 
by  an  accurate  measurement  on  level  places  on  our  Bushnell 
Park,  and  by  observation  through  instrument  at  every  hundred 
feet.  One  objection  to  this  method  of  determining  the  distance 
has  been,  to  my  mind,  the  liability  of  any  transit  to  get  out  of 
adjustment,  and  especially  of  an  older  transit,  in  stumbling 
around  in  use  in  the  fields.  I  remember  one  time,  not  many 
years  ago,  I  attempted  to  determine  the  distance  across  a  stream 
that   would  answer  the  purpose   and  the  transit  that  I   had 
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was  one  that  had  been  in  use  for  a  good  many  years,  and  the 
matter  of  the  stadia  had  not  been  looked  over.  I  know  from 
actual  measurements,  and  a  more  careful  survey  that  that  was 
out  several  feet,  and  it  was  all  occasioned  by  the  transit. 

Mr.  Wheeler  :  There  are  several  things  in  this  paper  which 
are  very  interesting  to  me.  Some  years  ago  I  happened  to  be 
at  the  Columbia  Summer  School  of  Surveying,  when  some  mea- 
surements were  made  along  this  same  line,  although  they  were 
not  made  exactly  for  experimental  purposes,  but  by  way  of 
laying  out  the  work  in  courses  taken  by  the  students.  A  dis- 
tance was  measured  of  about  eleven  hundred  feet,  which  is 
quite  a  long  distance  to  take  by  this  method,  and  an  eighteen 
inch  inverting  telescope  was  used.  The  readings  had  to  be 
taken  between  the  middle  wire  and  the  outside  wire.  The 
readings  were  repeated — I  do  not  recall  now  how  many  times, 
but  the  distances  were  afterward  chained  and  the  work  verified, 
and  the  error  was  found  to  be  about  six  feet.  Of  course,  that 
work  was  done  under  pretty  unfavorable  circumstances  and  the 
error  was  about  half  a  foot  for  every  hundred  feet. 

I  think  that  it  would  be  instructive  also  if  we  had  something 
to  show  the  effect  of  the  vertical  angle,  that  is,  whether  it  would 
introduce  more  error  and  the  result  be  less  accurate  where  dis- 
tances have  to  be  corrected  for  vertical  angle  than  where  mea- 
surements arc  taken  on  nearly  level  ground. 

DISCUSSION — Till:  Highway  Bridges  ox  the  New  Havex 
Improvemexts. 

The  Presidext:  I  would  like  to  inquire  from  Mr.  Slocum 
in  ret^ard  to  the  working  stress  in  concrete  and  steel  on  those 
bridges,  and  whether  there  was  need  for  reinforcing  the  bridges. 

Mr.  Slocum  :  On  account  of  the  many  kinds  of  old  track 
material  of  widely  different  physical  characteristics,  used  for 
reinforcement,  the  unit  stress  in  the  steel  was  kept  quite  low; 
10,000  lbs.  per  scjuare  inch,  under  rather  severe  assumptions,- 
was  the  limit.  Under  the  same  unfavorable  conditions  the  unit 
stress  in  the  concrete  did  not  exceed  500  lbs.  per  square  inch. 
As  to  whether  it  was  necessary  to  reinforce  these  concrete 
bridges  of  the  dimensions  used,  these  arches  are  too  flat  to  safely 
carry  the  loads,  as  gravity  arches,  without  the  reinforcement. 
This  latter  part  of  the  President's  question  may  be  answered 
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indirectly  by  saying  that  the  cantilever  parts  of  these  composite 
beams  were  able  alone,  without  the  concrete,  to  sustain  the 
ordinary  roadway  loads ;  however,  in  the  center  beam  carried  by 
the  cantilevers,  or  the  flat  center  part  of  the  arch,  the  concrete 
and  steel  together  are  necessary  to  sustain  the  loads  within  the 
limiting  unit  stresses. 

The  President:  Is  there  any  further  discussion  of  this 
paper?    If  so,  it  is  in  order. 

Mr.  Clark:  Mr.  President,  I  would  like  to  ask  Mr.  Slocum 
if  he  took  any  measurements  to  determine  the  amount  of  settle- 
ment or  depression  in  respect  to  the  quantity.  I  noticed  that 
remark  that  the  centers  were  about  an  inch  high  in  the  case  of 
tliese  bridges. 

Mr.  Slocum  :  There  were  some  examinations*  made  in  levels 
to  see  if  there  w^ere  any  settlement,  and  none  appreciable  was 
found. 

Mr.  Clark:  In  your  opinion,  if  that  element  is  made  suflS- 
ciently  strong,  is  it  necessary  to  make  any  provision  for  a  settle- 
ment ? 

Mr,  Slocum  :  It  is  better  to  do  so. 

Mr,  Clark:  It  is  on  the  side  of  safety.  I  can  see  that.  You 
think  it  is  better  to  do  so  ? 

Mr.  Slocum  :  Yes,  I  think  so.  It  is  the  general  practice  in 
the  erection  of  false  work  on  bridges  of  this  character  to  make 
some  allowance  for  any  possible  settlement.  However,  the  false 
work  used  for  these  bridges  seemed  to  be  plenty  stiff  enough  to 
do  its  work. 

The  President:  I  think  an  interesting  question  might  be 
if  any  provision  was  made  for  expansion  for  the  arches,  if  the 
arches  expand,  as  they  are  said  to  do  in  some  cases,  it  might 
be  a  very  interesting  question  to  know  what  the  result  would 
be,  either  for  expansion  in  the  steel  work  or  concrete. 

Mr,  Slocum  :  That  is  a  question  that  was  debated  to  a  con- 
siderable extent  at  the  time  when  these  bridges  were  designed. 
There  is  enough  steel  in  this  work  to  take  care  of  the  expansion 
and  contraction. 

In  a  comparison  of  areas  it  takes  about  six-tenths  of  a 
square  inch  of  steel  to  every  square  foot  of  concrete  to  withstand 
the  effects  of  contraction  and  expansion,  and  in  view  of  the 
conservative  percentage  of  steel  used  in  these  bridges,  it  is 
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thought  that  temperature  cracks  will  be  prevented.    It  is  rather 
a  problematical  question. 

Mr.  Jackson  :  Most  of  the  concrete  in  the  arches  themselves 
was  placed  at  one  time,  was  it  not  ?    It  was,  as  I  remember  it. 

Mr.  Slocum  :  Yes,  I  think  so. 

Mr.  Henderson  :  I  would  like  to  ask  Mr.  Slocum  in  reference 
to  the  weight  of  the  trolley  car  that  he  referred  to.  Was  that 
the  weight  of  a  car  that  they  assumed? 

Mr.  Slocum  :  Why,  I  do  not  know  as  I  remember  the  spac- 
ing correctly,  but  I  have  in  mind  that  the  heaviest  car  in  present 
use  was  considered,  that  is,  one  of  about  25,000  pounds  on  each 
of  two  axles,  two  axles  to  the  truck,  and  two  trucks.  The  axle 
loads  are  5  feet  apart,  the  trucks  are  20  feet  centers. 

Mr.  Hill:  1  feel  that  we  are  very  much  indebted  to  Mr. 
Slocum  for  this  detailed  description  of  these  interesting  bridges. 
1  notice  that  he  speaks  in  one  place  about  these  arches  acting 
very  much  as  a  composite  steel  bridge,  that  is,  a  cantilever  arm 
and  fixed  span.  In  that  case  the  bottom  part  of  the  reinforce- 
ment at  the  center  would  be  in  tension  if  this  structure  acted 
as  cantilever.  These  two  arms  with  a  short  fixed  span,  the 
bottom  member  of  the  fixed  span  would  be  in  tension  and  conse- 
quently the  bottom  part  of  the  reinforcement  would  be  in  this 
condition.  I  think  that  Mr.  Slocum  is  safe  in  assuming  what  he 
has.  It  seems  to  nic  that  the  depth  of  the  arch  is  so  slight,  and 
therefore  the  depth  of  the  reinforcement  is  so  slight,  that  the 
structure  is  more  likely  to  act  as  a  spandrel  braced  arch.  In 
that  case  the  bottom  j)art  of  the  reinforcement  would  always 
be  in  compression.  It  is  problematical  how  any  such  structure 
would  act,  depending  upon  the  loading.  It  seems  to  me  it  is 
more  likely  to  act  as  a  braced  arch  because  for  a  uniform  load 
I  think  that  would  be  horizontal  thrust. 

As  to  the  matter  of  usin^  old  scrap  iron,  and  old  rails,  etc., 
for  reinforcement  purposes,  that  is  exceedingly  ingenious,  and 
for  the  railroad  it  would  appear  to  have  been  a  very  economical  . 
move.  As  this  was  an  exceptional  case,  it  was  fortunate  for 
them  that  they  had  plenty  of  this  material,  and  in  all  probability 
it  was  economical  for  them  to  use  as  compared  with  the  cost 
of  getting  new  material. 

I  would  like  to  ask  Mr.  Slocum  if  there  was  any  objection 
as  to  using  reinforced  concrete  in  place  of  the  girders.     It  is 
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with  some  slight  shadow  of  regret  that  I  notice  that  these 
comely  arches  were  not  carried  throughout,  when  we  take  into 
account  the  effect  of  gases  on  the  under  floor  of  the  steel  system. 
I  presume  that  the  smaller  cost  of  the  steel  bridges  accounts  for 
it,  but  the  arches  would  have  cost  but  little  more  when  we  take 
into  account  the  maintenance. 

^Ir.  Slocum:  Conditions  are  widely  different  in  the  higher 
east  portion  of  this  improvement  than  in  the  lower  western  half. 
In  the  eastern  half  with  only  four  tracks  to  span  there  is  barely 
enough  depth  for  a  satisfactory  floor  system  for  these  particular 
bridges,  consequently  girders  or  trusses  are  used  to  an  economi- 
cal advantage,  there  being  no  necessity  of  spreading  the  tracks ; 
but  in  the  westerly  half  there  is  far  less  depth  and  twice  as 
many  tracks  to  be  crossed,  in  the  case  of  Chapel  street  10  tracks ; 
and  since  the  total  span  of  these  bridges  is  more  than  double 
that  of  the  easterly  portion  and  with  a  depth  barely  sufficient 
lor  a  30  ft.  span,  no  other  recourse  could  be  had  in  this  lower 
western  portion  of  the  improvement  than  to  spread  the  tracks 
to  accommodate  piers  and  make  each  street  crossing  a  series 
of  spans. 

Mr.  Hill:  Then,  as  I  understand,  the  local  condition  there 
determined  the  form  of  the  bridge  ? 

Mr.  Slocum  :  Yes,  I  think  so. 

Mr.  Kellogg:  I  would  like  to  ask  Mr.  Slocum  if  he  figured 
out  the  percentage  of  steel  area,  for  instance  at  the  crown  of 
the  arch. 

Mr.  Slocum  :  About  two  per  cent. 

A  Member:  He  gives  here  a  total  use  of  350,000  lbs.  of  steel 
and  1,550  cubic  yards  of  concrete.  It  would  be  about  1^4  per 
cent,  of  the  area. 

Mr.  Kellogg:  Wouldn't  that  be  the  whole  bridge,  and  not 
particularly  at  the  crown  of  the  arch  ? 

Mr.  Slocum  :  That  would  be  a  comparison  of  contents  of 
the  whole  bridge. 

DISCUSSION — The     New     Connecticut     River     Bridge 
(N.  Y.,  N.  H.  &  H.  R.  R.)  at  Lyme,  Conn. 

The  President:  Are  there  any  questions  to  ask  in  regard 
to  this  paper? 

Mr.  Bunce:  Will  you  tell  me  why  you  used  those  two  spans? 
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Mr.  Soehrens  :  The  38- foot  span  is  the  roller  bridge,  and  the 
70- foot  span  just  east  of  that  is  the  bridge  span  for  the  draw. 

Mr.  Bunce:  How  far  do  they  extend?  About  ten  feet? 
Tm  a  little  interested,  as  I  go  through  there  in  a  boat  quite  often. 

Mr.  Soehrens  :  Keep  the  channel,  and  there  is  no  danger  of 
striking. 

Mr.  Bunce  :  One  of  the  greatest  improvements  is  the  change 
in  the  grade  of  that  bridge.  I  go  down  the  river  in  a  launch 
and  at  high  tide  it  always  gives  me  a  fit  until  I  get  underneath 
that  old  bridge,  it  runs  so  close  to  the  flagstaff,  just  about  clears 
the  beams. 

Mr.  Turner  :  Can  you  tell  us  when  they  expect  to  begin  to 
use  the  bridge? 

Mr.  Soehrens:  I  should  say  probably  the  latter  part  of  May 
or  about  June,  before  they  can  run  a  train  through. 

Mr.  Turner:  For  further  discussion,  I  would  like  to  ask 
in  regard  to  the  paper  on  the  Connecticut  River  bridge.  I 
notice  that  crushed  stone  was  dumped  into  the  piers,  six,  seven 
and  eight,  and  subsequently  piles  were  driven  into  that  crushed 
stone.  I  would  like  to  inquire  what  the  object  was  in  driving 
the  piles  into  the  crushed  stone. 

Mr.  Soehrens:  Why,  there  was  no  covering.  It  was  bed 
rock.  Might  have  been  six  inches  or  a  foot  of  mud,  possibly; 
that  was  all.  That  seemed  to  be  as  easy  and  as  good  a  way  as 
any  to  get  around  it. 

Mr.  Turner  :  That  doesn't  quite  cover  the  point.  I  don't 
quite  understand  about  driving  the  piles. 

Mr.  Soehrens  :  Why,  they  really  don't  act  as  much  as  piles 
as  columns  to  rest  on.  The  bottom  of  the  piles  is  right  on  the 
rock ;  the  rip  rap  is  merely  to  keep  them  in  that  position.  I 
wish  to  add  that  there  was  very  slight  settling  in  the  construc- 
tion of  these  piers,  practicall}  none,  and  to-day  they  are  held 
and  in  first-class  shape.  I  don't  know  as  I  have  covered  the 
exact  point  which  you  called  for. 

The  President  :  The  question  raised  is,  why  was  the  crushed 
stone  dumped  before  the  piles  were  driven  in? 

Mr.  Turner  :  Why  were  the  piles  driven  in  after  the  crushed 
stone?  Couldn't  the  caisson  have  been  on  the  stone  without 
the  aid  of  the  piles? 
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Mr,  Soehrexs:  I  don*t  know  as  I  can  answer  that  question 
myself,  just  as  to  why  that  was  done.  Of  course,  using  the 
piles  gives  a  much  better  and  more  satisfactory  foundation  than 
just  the  crushed  stone  alone,  as  it  is  much  easier  to  get  the  t«>p 
of  the  piles  level,  so  that  they  won*t  warp  the  caisson* 

Mr,  Hill:    I  would  like  to  inquire  as  to  the  depth  of  the 

water     As  I  understand  it»  the  rock  was  practically  bare  at 

that  point,  and  whether  the  caissons  could  not  have  been  strnk 

down  to  the  bed  rock  and  that  rock  leveled  up,  or  was  the  depth 

^too  great? 

B  Mr.  Soehrens:  There  was  quite  a  depth  of  water  and  cur- 
'  rent.  About  eight  feet  of  water.  It  would  have  been  quite  an 
^undertaking  to  level  off  that  rock  there,  to  do  it  in  a  satisfac- 
^Btory  manner. 

The  stone  was  about  three-quarter  inch  size,  and  the  piles 

i drove  through  it  without  any  great  amount  of  difficulty. 
DISCUSSION— Some  Engineering  Features  of  the 
Norwich  Hospital  for  the  Insane. 
Mr.  Tl'rxer:   I  would  like  to  ask  if  any  provision  was  made 
in  this  concrete  w^al!  for  draining  the  pockets  back  of  the 
vertical  portion  to  the  base.     I  see  no  such  provision  in  the  plan, 
Mr.  Palmer:   I  think  there  was  some  space  left  in  there 
between  each  of  the  buttresses.     The  ground  in  back  of  that 
Hrwas  very  sandy  material 

^m  Mr.  Corson  :  I  would  like  to  ask  in  regard  to  the  const ruc- 
^■lion  of  the  power  house.  I  think  it  w^as  a  plastered  wall,  but  I 
^Rdon*t  understand  the  constniction.  I  would  like  to  know  if  it 
^w^as  a  metal  studding,  or  a  wood  studding  on  a  wood  sheathing. 
j  I  would  like  to  show  how  dry  that  wall  has  proved  to  be. 
H  The  President  :  Do  you  know  about  that,  the  construction 
^Kof  the  power  house  ? 

H  Mr.  Palmer:  I  can*t  answer  that  question.  The  power  house 
■  construction  was  designed  by  Simpson  Bros.  Corporation,  who 
^  built  it.  Since  it  has  been  built  I  have  heard  no  complaints  as 
to  its  drjmess. 

Mr.  Corson  :  Is  it  built  on  a  level  against  the  studding,  or 
against  the  sheathing?  j' 

Mr.  Palmer  :   I  can't  answer  that. 
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DISCUSSION — Laying  of  Submerged  Pipes. 

Mr.  Hill:  I  would  like  to  know  if  these  pipes  have  been 
tested  for  leakage,  and  if  so,  what  the  results  were. 

Mr.  Wardwell:  The  pipe  of  the  Housatonic  Water  Com- 
pany was  tested  to  140  pounds.     Mr.  Brinsmade  made  the  test. 

Mr.  Hill:  Do  you  recall  what  it  amounted  to? 

Mr  Wardwell:  There  were  two  joints  that  showed  just  a 
little  leakage,  but  that  was  afterwards  closed  up  and  they  could 
not  find  any  there  when  it  was  tested  again.  It  had  taken  care 
of  itself.     The  other  pipes,  of  course,  had  no  pressure. 

Mr.  Burt:  I  think  when  this  system  of  sewerage  was  first 
proposed  in  Stamford  that  they  proposed  to  carry  Akron  pipes 
out,  and  I  would  like  to  ask  Mr.  Wardwell  whether  that  was 
done.  I  think  it  was  done  at  the  time.  My  remembrance  is 
that  the  stone  pipes  were  carried  out  quite  a  distance. 

Mr.  Wardwell:  There  are  no  stone  pipes  beyond  high 
water  mark  that  I  know  of.  There  may  have  been  sometime 
ago. 

Mr.  Beldex  :  I  think  that  information  is  given  in  Colonel 
Waring's  book  on  the  Stamford  system.  I  was  interested  in  the 
execution  of  the  work,  and  I  think  that  matter  is  entirely 
covered  in  that  book. 

Mr.  Burt:  Colonel  Waring  was  the  Consulting  Engineer, 
and  it  was  my  impression  that  iron  pipe  was  substituted;  that 
the  stoneware  pipe  didn't  meet  the  requirements.  I  remember 
at  the  time  Colonel  Waring  laid  out  this  system  that  I  was  in 
the  vicinity,  and  was  given  a  copy  of  the  specifications.  They 
went  in  minutely,  I  know,  to  the  laying  of  this  pipe,  and  how 
the  joints  should  be  made,  and  there  was  to  be  a  pumping  sta- 
tion near  the  shore,  and  I  think  there  was  something  like  one 
mile  across  the  fiats  to  the  delivery  point ;  and  I  am  especially 
interested  to  know  how  that  succeeded.  Evidently,  it  was 
found  that  the  stoneware  pipes  didn't  answer  the  purpose. 

DISCUSSION — Telephone  Subway  Construction. 

Mr.  Wheklkk:    I  notice  that  down  through  Port  Chester 

and  (irecnwich.  where  they  were  using  creosoted  wood  that 

-the  ends  were  cone-shaped,  and   I  suppose  they  w^ere  driven 

together  to  make  a   fairly  tight  joint.     I  would  like  to  know 
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whether  the  ducts  that  were  laid  in  that  way  were  covered 
with  concrete  protection. 

Mr.  Everit:  The  ducts  in  the  section  that  was  considered 
permanent  construction  were  of  tile  laid  in  concrete.  A  large 
portion  of  the  grades  were  not  definitely  settled,  and  as  they 
could  not  get  the  permanent  location  for  the  ducts  creosoted 
w<>~)(l  was  used.     It  had  no  concrete  encasement. 

Sec  RKTARY  Jackson  :  I  didn't  quite  catch  just  what  he  said 
in  regard  to  the  abandonment  of  the  aerial  lines. 

Mr.  Everit  :  I  brought  out  that  point  with  the  idea  of  calling 
attention  to  the  fact  that  aerial  lines  in  the  present  state  of  the 
art  cannot  be  abandoned.  Connecticut  probably  has  more,  or  as 
many,  long  distance  lines  in  it  as  any  other  part  of  the  United 
States,  as  it  is  in  the  through  run  between  Xew  York  and 
Boston,  and  the  state  is  criscrossed  by  lines  in  every  direction. 
The  public,  to  a  very  large  extent,  suppose  that  the  subway  from 
Xew  York  to  New  Haven  will  result  in  taking  down  these  aerial 
lines,  but  as  it  stands  now,  we  do  not  see  any  prospect  of  being 
able  to  do  this,  even  if  the  conduit  is  eventually  completed  to 
Boston. 

Mr.  Trumbull:  I  should  like  to  ask  what  is  the  shortest 
radius  he  can  turn  in  with  his  vitrified  conduit. 

Mr.  Everit:  We  have  never  attempted  to  turn  very  short 
bends.  There  arc  tile  bends  made  with  a  radius,  I  believe,  of 
18  inches,  but  they  are  only  for  use  with  very  small  cables.  We 
avoid  bends  all  we  possibly  can,  and  even  put  in  manholes  very 
often  to  get  rid  of  them.  The  large  size  cables  are  too  stiff 
to  be  pulled  around  sharp  bends. 

Secretary  Jackson  :  I  should  like  to  ask  in  regard  to  the 
development  of  manhole  covers.  We  know  that  they  first 
started  in  with  manhole  covers  that  were  somewhat  similar  to 
the  manhole  covers  or  heads  for  sewer  manholes  of  the  circular 
type,  and  then  they  adopted  a  rectangular  shape,  and  now  on 
this  new  work  I  see  you  have  gone  back  to  the  circular  type 
again  with  many  corrugations  in  it.  It  isn't  a  pleasant  man- 
hole to  step  on. 

Mr.  Everit  :  Originally  the  covers  were  probably  the  same  as 
the  sewer  manhole  covers.  I  think  they  were  exactly  the  same 
thing.  We  designed  a  square  cover  of  our  own  of  various  sizes. 
That  cover  was  not  entirely  satisfactory,  being  very  heavy,  and 
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one  of  the  great  objections  to  it  was  that  men  in  lifting  the 
cover  off  have  dropped  it  into  the  manhole,  and  we  have  had 
several  cases  where  cables  were  damaged  in  this  way.  The 
round  manhole  cover  is,  we  think,  better  for  general  purposes. 

Mr.  Corson  :  He  gives  some  very  interesting  historical 
sketches  of  the  underground  cable,  and  I  have  often  wondered 
about  the  proposed  system  of  ducts  in  the  curbs.  I  don't  know 
whether  he  knows  whether  it  was  ever  tried  or  not. 

Mr.  Everit:  I  don't  think  it  ever  was.  It  was  put  in  in 
some  sections  in  New  York,  but  I  understand  it  was  never  used. 

Mr.  Corsox:  Another  thing;  I  was  interested  a  few  years 
ago  in  your  talk  on  similar  subjects,  and  in  which  you  brought 
out  your  backyard  distribution.     Has  that  been  followed? 

Mr.  Everit  :  Yes,  we  have  followed  it. 

Mr.  Corson  :  Much  objection  on  the  part  of  property  holders? 

Mr.  Everit:  Yes,  we  had,  in  getting  the  original  permits. 
Where  we  have  succeeded  in  getting  these  original  permits  it 
has  been  all  right.  We  have  had  no  trouble  with  any  we  have 
installed  after  it  is  once  in,  but  they  do  object  in  the  first  place, 
fearing  serious  injury  to  their  property,  but  after  being 
installed  it  runs  very  smoothly. 

The  President:  What  wires  are  carried  in  the  subway 
between  New  York  and  New  Haven?    Only  the  local  wires? 

Mr.  Everit:  The  through  cable  circuits  from  New  York  to 
New  Haven  take  all  of  the  New  York  and  New  Haven  business, 
also  Bridgeport,  South  Nor  walk  and  Stamford  business,  to  and 
from  New  York. 

The  President  :  Large  wires  ? 

Mr.  Everit  :  The  wires  are  fairly  large  in  these  cables,  No.  i6 
or  No.  13  gauge.  Anything  beyond  New  Haven  from  or  to 
New  York  does  not  go  through  the  cable,  only  short  haul 
business. 

The  President:  I  saw  a  case  of  some  wires,  electric  light 
wires,  being  carried  across  a  little  stream  in  an  iron  box.  I 
noticed  it  was  carried  in  a  wood  fibre  pocket  laid  in  concrete. 
Now,  I  wondered  why  it  was  laid  in  concrete — why  they 
couldn't  be  laid  in  sand? 

Mr.  Everit:  I  assume  you  mean  in  using  ducts.  We  have 
considered  doing  away  with  the  concrete  encasement.  If  the 
ground  is  fairly  stable,  we  can  get  along  without  any  concrete 
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at  the  bottom,  Tlie  concrete  at  the  top  is  largely  for  a  protec- 
tion against  mechanical  injury.  In  multiple  ducts  we  frequently 
leave  out  the  concrete  on  the  sides. 

The  Presidext:  In  New  Britain,  sometimes  they  want  to  get 
down  into  the  subway,  and  have  to  dig  r»nt  tlic  concrete,  and  I 
have  wondered  if  there  was  any  way  that  the  ducts  could  he 
laid  w^ithout  any  concrete,  lint  T  nnderstand  that  it  has  to  be 
used  as  a  protection. 

Mr.  Everit:   Yes,  by  making  it  liard  to  di^^  through. 

TiJE  President:  They  have  to  sometimes. 

Mr.  Jackson  :  The  conclusion  that  we  are  to  come  to  from 
^In  Event's  paper  is  that  the  dream  of  all  municipal  engineers 
of  a  large  subway  in  which  the  wires  of  the  different  companies, 
such  as  telephone  and  electric  light  companies,  and  tlie  pipes 
of  the  different  private  corporations,  such  an  gas,  is  a  dream 
which,  as  I  say,  from  his  paper,  we  will  never  see  realized.  It 
is  practically  not  feasible,  as  I  understand  it. 

Mr.  Everit:    From  the  experience  of  those  who  have  tried 

do  it,  I  should  say  not. 

Mr.  Burt:  What  means  is  used  to  locate  a  fault  in  the  wire? 
I  understand  that  in  the  subway  there  are  ways  of  accurately 
locating  a  fault. 

AIr.  Everit:  All  tests  for  locating  faults  from  grounds 
depend,  of  course,  upon  the  resistance  of  the  wire.  We  know 
what  the  resistance  of  each  size  of  w^ire  is  per  foot,  and  we  have 
methods  of  measuring  w  hich  give  us  the  resistance  from  the  end 
of  the  cable  to  the  ground.  We  then  calculate  the  distance  to 
the  ground.  We  find  that  we  get  very  accurate  results  and  in  a 
case  of  trouble  the  other  day — the  fault  in  a  cable  several  miles 
long,  was  located  within  some  twxnly-five  or  thirty  feet  of 
where  it  was  actually  found  and  that  was  not  an  extraordinary 
case. 

The  President:  If  there  are  no  further  questions  on  this 
this  ends  our  regular  program. 
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JOHN  WATSON  BACON. 

itt  dlFmoriattu 

The  death  of  John  W.  Bacon  at  his  home  in  Danbury,  Conn., 
Feb.  27  1907,  closed  a  long,  useful  and  honorable  life,  full  of 
notable  work,  well  done. 

Mr.  Bacon  was  a  man  of  simple,  refined  tastes  and  of  the 
strictest  integrity.  He  had  unusually  clear,  sound  judgment; 
and  his  counsel  was  much  sought  for  and  highly  valued  by  his 
business  associates.  He  was  always  deeply  interested  in  engi- 
neering progress  and  solved  in  an  able  manner  the  special 
engineering  problems  that  came  under  his  direction.  He  took 
an  earnest  and  helpful  part  in  the  civic  work  in  his  community. 

By  his  death  the  Connecticut  Society  of  Civil  Engineers  has 
lost  one  of  its  earliest  and  most  respected  members. 

John  Watson  Bacon  was  bom  in  Hartford  on  June  9,  1827, 
and  was  therefore  only  a  few  months  less  than  eighty  years  of 
age.  He  was  a  son  of  Leverett  W.  and  Sarah  Watson  Bacon. 
He  received  his  preliminary  education  in  the  public  and  private 
schools  of  Hartford  and  was  graduated  from  Trinity  College, 
Hartford,  in  1846.  He  was  then  nineteen  years  old  and  he 
received  the  first  appointment  in  his  class  and  was  its  valedic- 
torian. 

Mr.  Bacon's  first  important  work  as  an  engineer  was  laying 
out  and  constructing  between  Hartford  and  Willimantic  what 
is  now  the  Highland  division  of  the  New  York,  New  Haven 
and  Hartford  railroad.  It  was  then  a  part  of  the  Boston,  Hart- 
ford and  Erie  project  and  subsequently  became  the  New  York 
and  New  England  railroad.  His  work  included  the  construc- 
tion of  the  bridge  across  the  Connecticut  river  near  Hartford 
and  the  union  station  in  Hartford,  which  has  since  given  way 
to  the  present  station  in  that  city.  Immediately  following  the 
completion  of  this  work,  Mr.  Bacon  began  the  survey  for  and 
superintended  the  construction  of  the  Danbury  and  Norwalk 
railroad,   which   was  begun   in   1850  and  completed   in    1852. 
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This  road  is  now  the  Danbury  branch  of  the  New  York,  Xew 
Haven  and  Hartford  road.  In  1852  Mr.  Bacon  went  to  Hart- 
ford and  became  superintendent  of  the  Hartford,  Providence 
and  Fishkill  railroad,  which  subsequently  became  a  part  of  the 
New  York  and  New  England  system  and  later  was  absorbed 
by  the  New  Haven  road. 

Mr.  Bacon  continued  the  superintendency  of  this  railroad  for 
five  years  and  then  went  to  West  Virginia  to  aid  in  the  devek>p- 
mcnt  and  operation  of  extensive  coal  mines  and  salt  works 
which  were  being  opened  at  \\'est  Columbia,  on  the  Ohio  river. 
After  being  engaged  in  this  enterprise  two  years  he  returned 
to  Connecticut  and  took  up  his  residence  in  Danbury. 

He  was  superintendent  of  the  Danbury  &  Norwalk  Rail- 
road from  1859  to  1877.  Under  his  skillful  management,  this 
railroad  was  greatly  improved  and  developed.  Under  Mr. 
Bacon's  direction,  the  Ridgefield  branch,  from  Branchville  to 
Ridgcfield,  was  constructed  in  1869.  He  also  supervised  the 
building  of  the  Shepaug  Railroad,  now  the  Litchfield  branch 
of  the  New  Haven  System,  in  1872. 

Governor  R.  D.  Hubbard  appointed  Mr.  Bacon  a  member  of 
the  state  board  of  railroad  commissioners  in  the  fall  of  1877. 
He  served  with  honor  and  credit  upon  this  board  for  ten  years. 
He  also  served  as  one  of  the  State  Commissioners  of  the  top^v 
graphical  survey  and  map  of  Connecticut. 

In  1877  ^^^  ^^'^5  elected  a  member  of  the  American  Society 
of  Civil  Engineers. 

Mr.  and  Mrs.  ]>acon  were  very  faithful  attendants  upon  the 
annus!  conventions  of  the  American  Society,  and  took  a  very 
enthusiastic  and  intelligent  interest  in  the  excursions  to  inspect 
works  of  engineering  interest. 

Mr.  Bacon  was  one  of  the  charter  members  of  the  Connecti- 
cut Society  of  Civil  Engineers,  when  it  was  organized  in  1884. 

One  of  the  most  important  public  works  with  which  Mr. 
Bacon  was  connected  was  the  Kohanza  water  system  of  the  city 
of  Danbury.  This  system  was  constructed  under  the  direc- 
tion of  ^Fr.  Bacon  in  tSCxd,  and  he  had  supervision  of  it  for 
sixteen  years. 

^^r.  Bacon  was  President  of  The  Savings  Bank'  of  Danbur}' 
from  i8()3  to  the  time  of  his  death.     He  was  also  President  of 
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Fthe  Danbury  Mutual  Fire  Insurance  Company;  and  the  Woos- 

tcr  Cemetery  Association,     He  was  a  Director  in  the  Danbury 

National  Bank;  a  trustee  nf  tlie  Library  Association;    and  for 

many  years  connected  in  oflicial  capacities  with  tlic  schools  of 

ic  city  and  town. 

Mr,  Bacon  was  closely  idetitified   for  many  years  with  the 

Danbur\^  fair  and  his  zeal  and  energ>^  in  the  interests  of  tliat 

institution  was  largely  instrumental  in  its  success.     He  was 

one  of  the  leaders  in  the  movement  which  brought  about  the 

reorganization  of  the  Danbury  Fanners'  and  Manufacturers' 

company,  which  controlled  the  fair  previous  to  187 1,  and  when 

^L  the  Danbury  Agricultural  Society  succeeded  the  old  organiza- 

^Btion  in  that  year  he  became  its  first  president,  continuing  in 

■  that  position  three  years.     He  subsequently  became  treasurer 

^Bof  the  society,  a  position  which  he  held  for  thirty-seven  years. 

^m     He  had  been  chairman  of  the  Society's  committee  of  the 

^pFirst  Congregational  Church  twenty  years,  and  was  prominently 

identified  in  various  w^ays  with  the  affairs  of  that  church,  at 

^  the  ser\nces  of  which  he  was  a  regular  attendant. 

B      In  these  and  many  other  ways  Mr.  Bacon  was  for  many  years 

a  notable  figure  in  Danbury  life.     He  kept  closely  in  touch  with 

»all  phases  of  public  activity  and  upon  financial,  business,  and 
municipal  matters  was  one  of  the  most  thoroughly  informed 
men  in  the  city. 
On  Dec.  20,  1852,  Mr.  Bacon  married  Caroline  E.  Botsford» 
daughter  of  Dr.  Russell  B.  and  Eliza  Whittlesey  Botsford. 
Dn  Botsford  w^as  for  many  years  a  leading  physician  of  Dan- 
bury. itrs.  Bacon  died  in  March,  1903.  Mr.  Bacon  is  sur- 
vived hy  three  children, — Miss  Sarah  W.  Bacon.  Mrs.  G. 
Mortimer  Rundle,  and  Dr.  John  R.  Bacon,  all  of  Danbury. 

Albert  B.  Hill, 
Ely  M.  T.  Ryder. 
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WILLIAM  BACHELDER  COCHRANE. 

William  Bachelder  Cochrane  was  born  at  Haverhil!,  Mass., 
on  the  14th  of  October,  1833  and  died  at  Stamford.  Conn.,  on 
the  I2t]i  of  July,  1906. 

ifr.  Cochrane  was  graduated  from  Uie  Sheffield  Scientific 
School  in  1853,  his  class  being  the  second  graduating  class 
in  the  historv-  of  that  institution,  consisting  of  seven  members 
only;  one  member  of  this  class  still  sur%^ives. 
I  After  concluding  his  college 'training  he  went  west  and  there 
practiced  his  profession. 

At  the  outbreak  of  the  Civil  War,  Mr.  Cochrane  was  located 
the  State  of  Illinois,  and  enlisted  in  a  volunteer  regiment 
Ifrom  that  state  on  May  22,  1864.  Fie  saw  much  active  service, 
[and  at  the  conclusion  of  the  war  engaged  in  business  wuth  his 
ffather,  who  was  a  shoe  manufacturer  in  Boston*  Later,  Mr. 
5chrane  bought  a  farm  in  Westboro,  and  conducted  that  for 
few  years,  after  which  he  came  to  live  in  New  Canaan  in  1878, 
iWhile  living  in  New  Canaan,  he  conducted  a  farm  at  Tallmadge 
IHill. 

In  1883  Mr,  Cochrane  came  to  Stamford,  and  w*as  actively 
Jcngaged  in  his  profession  up  to  the  time  of  his  last  illness. 
He  was  for  a  time  Borough   Engineer,  and  later,  was  for 
everal  years  City  Engineer,  when   the  city  government  was 
Bubstitued  for  that  of  a  borough. 

For  the  last  six  years  of  his  life  he  was  engaged  in  private 
practice  as  civil  engineer  and  surveyor,  his  business  extending 
ito  adjacent  towms  in  addition  to  an  extensive  local  practice. 

Mr.  Cochrane  was  ever  courteous  to  all,  was  a  good  citizen, 
and  had  high  regard  for,  and  abided  by,  the  ethics  of  the  pro* 
fession*  His  genial  dispfjsition  was  recognized  and  admired 
by  all  who  knew  him. 

He  was  twice  married  and  leaves  a  widow  to  mourn  his  loss, 
le  had  one  son  (now  dead)  by  his  first  wife* 
Mr.  Cochrane  was  active  in  Grand  Army  circles,  and  w*as  a 
member  of  John  Hancock  Lodge,  F.  and  A.  M,,  of  Massa- 
chusetts. 

He  was  elected  a  member  of  the  Connecticut  Society  of 
Civil  Engineers  on  January  14.  1890.  and  continued  a  member 
until  his  death. 
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BENJAMIN  F.  HATHAWAY. 
3Ju  iHemnriam. 

B.  F*  Hathaway,  who  was  bom  at  Suffield,  Conn,»  Jantianr 
7.  1827  and  died  at  Stamford,  Conn.»  March  3,  lQo6.  v%*as  a 
graduate  of  Sufiield  Institute,  After  jjraduation  he  taught 
school  in  his  native  town  until  1852,  when  he  began  the  practice 
of  his  profession  as  a  civil  engineer,  making:  a  specialty  of  ceme- 
tery work.  Among  the  many  cemeteries  laid  out  by  Mr,  Hatha- 
way are  those  of  Poughkeepsie.  Fishkill,  Hyde  Park,  XewpaltZ 
and  Auburn,  in  the  state  of  New  York ;  Carbon  dale,  Pennsyt* 
vania;  Dover,  New  Hampshire;  Suffield  and  Stamford  in  Con- 
necticut. Mr.  Hathaway  was  working  on  ihe  landscape 
effects  of  the  Springdale  Cemetery  at  Stamford  when  taken 
with  his  last  illness.  He  lived  the  life  of  a  quiet,  retiring  dli* 
zen,  was  highly  respected,  and  was  a  member  of  tlie  Masonic 
Lodge  at  Suffield,  He  leaves  a  widow  and  two  children ;  one 
a  daughter,  Clara  R.  Hathaway,  who  is  a  teacher  of  art  in 
the  Jamaica  Training  School  of  the  New  York  City  school 
system:  the  other,  a  son,  Charles  R.  Hathaway,  an  attamev  in 
New  York, 

Paul  Nash. 

Harold  A.  Parsons. 

Frederick  Wardwell. 

Committee. 
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ARTHUR  PRICE  LAW. 

iftt  in^moriattu 

Arthur  Price  Law  died  at  East  Providence,  Rhode  Island,  on 
Monday,  November  19th,  1906,  after  a  short  illness,  of  typhoid 
fever. 

Mr.  Law  was  born  on  July  7th,  1870,  in  New  York  City, 
attended  the  public  schools  and  high  school  in  Flushing,  Long 
Island,  and  was  a  graduate  of  the  civil  engineering  course  of 
the  International  Correspondence  Schools,  of  Scranton,  Penn. 

He  first  worked  as  assistant  on  Government  surveys  in 
Florida.  From  1893  until  1900  he  was  in  the  employ  of  the 
N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  first  on  the  drawbridge  at  South 
Norwalk,  Conn.,  then  on  the  Fort  Point  Channel  drawbridge  in 
Boston,  Mass.,  and  for  a  short  time  on  the  Railroad  Improve- 
ments at  Bridgeport,  Conn. 

In  1900  Mr.  Law  entered  the  employ  of  Holbrook,  Cabot  & 
Rollins  as  superintendent  of  construction,  in  charge  of  deep 
foundations  and  substructure  work,  and  was  in  their  employ 
at  the  time  of  his  death. 

During  the  seven  years  of  his  connection  with  the  Hol- 
brook, Cabot  &  Rollins  corporation  he  had  charge  for  them  of 
the  foundations  for  a  double  track  railroad  bridge  at  Tiverton. 
Rhode  Island,  and  the  work  along  the  water  front  at  Bridge- 
port, Connecticut,  done  by  this  corporation.  He  started  the 
work  on  the  Housatonic  River  foundations,  and  then  went  to 
the  Connecticut  River,  at  Lyme,  and  completed  the  work  on 
the  deep  foundations  there.  Later,  he  took  up  the  matter  of 
the  foundation  for  bridge  at  Neponset,  Mass.,  and  also  for  the 
bridge  across  the  Teekonk  River  at  Providence,  Rhode  Island. 

His  work  was  carried  tlirough  with  marked  ability  and 
success,  and  without  any  trouble  or  loss  either  to  the  Railroad 
Company  or  the  Holbrook,  Cabot  &  Rollins  corporation,  and 
was  done  to  the  utmost  satisfaction  of  both. 

Mr.  Law  was  an  associate  member  of  the  American  Society 
of  Civil  En.c^ineers  and  belonged  to  the  Order  of  Red  Men. 
He  was  elected  a  member  of  the  Connecticut  Society  of  Civil 
Engineers  on  February  Qth,  1904. 

R.  F.  Stoddard^ 

J.    H.    SOEHRENS, 

M.  S.  Jameson. 


REPORT  OF  PROCEEDINGS 

AT   THE 

TWENTY-THIRD  AHNUAL  MBETraG 

OF  THE 

Connecticut  Society  of  Gvil  Engineers^ 


The  twenty-third  annual  meeting  of  the  Connecticut  Society  of  Civil 
Engineers  was  called  to  order  at  Knights  of  Pythias  Hall,  Hartford,  Con- 
necticut, February  12,  1907,  President  Charles  F.  Chase,  of  New  Britain, 
in  the  chair. 

The  President:  Gentlemen,  you  will  please  come  to  order.  The 
constitution  provides  that  the  ballot  for  officers  closes  at  eleven  o'clock. 
The  ballot  is  therefore  closed  for  the  election  of  officers. 

The  first  business  is  the  reading  of  the  minutes  of  the  last  meeting. 

Secretary  Jackson:  Mr.  President,  I  move  that  inasmuch  as  the 
minutes  of  the  last  meeting  are  printed  in  the  regular  proceedings,  that 
the  reading  be  dispensed  with. 

Mr.  Ford:    Second  the  motion. 

The  President:  Gentlemen,  it  is  moved  and  seconded  that  as  the 
minutes  have  been  printed,  that  the  reading  of  them  be  dispensed  with. 
All  those  in  favor  will  manifest  it  by  saying  "Aye."    It  is  carried. 

The  next  thing  is  the  report  of  the  Board  of  Direction. 

Secretary  Jackson  read  the  report  of  the  Board  of  Direction  as 
follows : 

Report  of  The  Board  of  Direction. 

A  meeting  of  the  Board  of  Direction  was  held  at  HilFs  Homestead, 
West  Haven,  on  June  29,  1906,  at  4  p.  m.,  at  which  time  the  following 
business  was  transacted :  The  resignation  of  Theodore  Wirth  was 
accepted.  Four  members  were  dropped.  It  was  voted  to  hold  the  sum- 
mer meeting  of  the  Society  on  the  Connecticut  river;  that  the  arrange- 
ments therefor  be  left  to  a  committee  to  be  appointed  by  the  President, 
they  to  be  limited  to  an  expenditure  of  $100.00.  Those  present  were 
Messrs.  Chase,  Brinsmade,  Bush,  Kellogg,  Crandall,  Punderford  and 
Unkclbach. 

At  a  meeting  of  the  Board  held  on  the  steamer  "Madeleine,"  on  the 
Connecticut  river,  August  14,  1906,  the  following  names  were-  recom- 
mended for  membership:  Charles  Y.  Bennett,  Hartford,  Connecticut; 
Edwin  P.  Dawley,  New  Haven,  Connecticut;    George  R.  Johnson,  West 
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Haven,  Connecticut;  Robert  L.  Pearson,  Saugatuck,  Connecticut: 
Albert  H.  Schilling,  New  Britain,  Connecticut;  Philip  K.  Williams, 
Glastonbury,  Connecticut. 

Messrs.  Nash,  Wardwell  and  Parsons  were  appointed  a  committee 
on  Xccrolog>'  of  William  B.  Cochrane,  of  Stamford. 

At  a  meeting  held  in  the  City  Hall,  New  Haven,  at  2.30  p.  m.  the 
resignation  of  Herbert  M.  Knight  was  accepted.  It  was  voted  that  the 
annual  meeting  be  a  two  days'  session;  that  it  be  held  in  Hartford, 
February  12  and  13,  with  the  annual  banquet  on  the  evening  of  the  12th; 
that  the  arrangements  be  left  to  a  committee  appointed  by  the  Presi- 
dent ;  that  the  sum  of  $150.00  \>c  appropriated  for  expense  of  annual 
meeting.  The  ballots  for  nominations  were  canvassed  and  resulted  as 
follows : 

President,  D,   S.  Brinsmade,  Derb}',  Conn. 

1st  Vice  President.  Edward  W.  Bush,  Hartford,  Conn. 

r,r.A  \ri^^  Proc,M^r,fc  J    Frederick  J.  Easterbrook,  New  Haven,  Conn., 
2nd  Vice  Presidents,  j    ^^^^^^.^    j/    Oldershaw,    New    Britain,    Conn. 

Secretary   and  Treasurer,  J.   Frederick  Jackson,   New  Haven,   Conn. 

)  Charles  F.  Chase,  New  Britain,  Conn., 
Board  of  Direction.    [•  tienry  J.  Kellogg,  New  Haven,  Conn., 

)  Paul  Nash,  Stamford,  Conn. 

Voted,  that  the  matter  of  registration  be  referred  to  a  committee 
comprising  Messrs.  Brinsmade,  Luther  and  Crandall.  Present,  Messrs. 
Chase,  Bush.  Brinsmade.  Kellogg  and  Crandall. 

At  a  meeting  held  in  Knights  of  Pythias  Hall,  Hartford,  February  12. 
1907,  the  resignations  of  H.  E.  Bushnell,  G.  E.  Catlin,  S.  R.  Hig- 
gins.  11.  M.  Knight  K.  R.  Ingrahain,  E.  J.  Rungee,  H.  B.  Seaman. 
II.  H.  Smith,  E.  L.  Vcrvcer,  were  accepted,  the  following  names 
approved  for  membership:  Reuben  B.  Azhderian,  Waterbury,  Conn.; 
Daniel  William  Bleini,  Hartford.  Conn.;  Willard  Seymour  Brewer.  East 
Hartford,  Conn.;  Grey  Willis  Curtiss,  New  Haven,  Conn.;  William 
Robert  Dunham,  Jr.,  New  Haven.  Conn.;  Charles  Ernest  Hall.  New 
Haven,  Conn.;  William  Henry  Hall,  New  Haven,  Conn.;  Alexander 
Joseph  Hans,  Stamford,  Conn.;  Irving  Warren  Harrison.  Waterbur}-, 
Conn.;  I'imothy  Andrew  Mulbert,  Walerbur>',  Conn.;  Leon  Kopczynski, 
New  Haven,  Conn.:  C.  T.  Lyon.  New  Haven.  Conn.;  Thomas  McKen- 
zie,  Westerly,  R.  I. :  Robert  Collyer  Noerr,  Hartford,  Conn. ;  John 
Olsen,  Springfield,  Mass. ;  Walter  Poelhandt,  New  Haven,  Conn. ;  Charles 
Henr\'  Preston.  Jr..  Wat«'rbury,  Conn.:  Charles  Edwin  Rogers,  Hart- 
ford, Conn.:  CliiTord  Anson  Root,  Hartford,  Conn.;  John  S.  Ruff, 
New  Haven,  Conn.:  Paul  Sheldon,  Hartford,  Conn.;  and  the  books 
of  the  Treasurer  audited  and  approved. 

Signed.  Henry  J.  Kellogg. 

Edward  W.   Bush, 
George  K.  Crandall, 
Charles  F.  Chase, 
-Attest:  Board  of  Direction. 

J.  Frkdekick  J.\ckson,  Secretary. 
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The  President:  Gentlemen,  you  have  heard  the  reading  of  the 
report  of  the  Board  of  Direction.    What  will  you  do  with  it? 

Mr.  Ford:  Mr.  President,  I  move  it  be  accepted  and  placed  on 
file. 

Motion   seconded. 

Motion  carried. 

Next  is  the  report  of  the  Secretary. 

The  report  of  the  Secretary  was  read  by  Mr.  Jackson  as  follows : 


Report  of  the  Secretary  for  the  Year  ending  February  ii,  1907. 

To  the  Officers  and    Members    of    the    Connecticut    Society    of    Civil 
Engineers: 

Your  Secretary  respectfully  submits  the  following  report  for  the 
past  year :  •• 

In  May,  thirteen  hundred  copies  of  the  Twenty-second  Annual  Pro- 
ceedings were  printed  and  distributed  to  the  members,  to  those  societies 
with  whom  we  exchange,  and  to  different  libraries  and  institutions  of 
learning.  The  Society  held  one  additional  meeting  on  August  14,  a 
trip  up  the  Connecticut  river,  which  was  much  enjoyed  by  those  present. 
The  Secretary  has  during  the  yeaf  attended  the  different  meetings 
of  the  Board  of  Direction;  has  had  printed  and  distributed  notices  of 
the  different  meetings,  bills  for  dues  and  advertising,  and  the  ballots 
,for  nominations  and  election  of  officers.  The  canvass  of  nominations 
resulted  as  stated  in  the  Report  of  the  Board  of  Direction.  During  the 
year  twenty-one  new  members  have  been  elected,  twenty  active  and  one 
honorary.  Three  members  have  resigned.  Five  have  been  dropped. 
One  honorary,  Ben.  F.  Hathaway,  and  two  active,  Wm.  B.  Cochrane 
and  Arthur  P.  Law,  have  died.  The  membership  on  February  11,  1907, 
is  as  follows : 

SUMM.\RY 


additions. 


LOSSES. 


l"eb.  12,  1906. 

Trans- 
fers. 

Elections. 

Deaths. 

Resigned.  |  Dropped. 

Feb.  II,  1907. 

Honorary          11 

I 

I 

1      

II 

Active  . . .        246 

.... 

20 

2 

3      ■        5 

256 

Associate            8 

.... 

....  ,  .... 

8 

Totals  .        265 

.... 

275 

The  President:  You  have  heard  the  report  of  the  Secretary.  What 
is  your  pleasure? 

Mr.  Kellogg  :  I  move  you,  Mr.  President,  that  the  report  be  accepted 
and  recorded. 

Motion  seconded. 

Motion  carried. 

Next  is  the  report  of  the  Treasurer. 

The  report  of  the  Treasurer  was  read  by  Mr.  Jackson  as  follows : 


l68  TWENTY-THIRD   ANNUAL   MEETING. 

Report  of  the  Treasurer  for  the  Year  ending  February  ii,  1907. 

/.   Frederick  Jackson,   Treasurer,   in   account   w-ith   the    Connecticut 
Society  of  Civil  Engineers. 

receipts. 

To  cash  on  hand,  February  12,  1906 $528.80 

Received  from  advertisements,  1906 180.C2 

Received  from  advertisements,    1907    icoa 

Received  from  back  dues 57. jo 

Received  from  dues,  1905 99.00 

Received  from  dues,  1906 528.00 

Received  from  dues,  1907 246.00 

Received  from  sale  of  reports 1.00 

Received  from  sale  of  dinner  tickets 224.00 

Total    $2177.82 

disbursements. 

By    Cartage $      4.10 

Expressage    82.86 

Freight    1149 

Expenses   annual   meeting    325.85 

Postage     1.88 

Printing,  stationery  and  supplies 584.56 

Rent,  P.  O.  box 4.00 

Engraving    46.19 

Services  of   stenographer 35-00 

Stereopticon    8.00 

Salary,    Secretary 100.00 

Summer    meeting 181.60 

Typewriting     7.^^ 

Messenger    .30 

Transportation    1.75 

Balance  February  it.  1907 782.91 

Total     $2177.82 

February  12,  1907. 

This  is  to  certify  that  we  have  this  day  examined  the  accounts  of  the 
Treasurer  and  found  the  same  correct. 

Edward  W.  Bush. 
Henry  T.  Kellogg^ 
Chas.   F.   Chase, 
Geo.  K  Crandall, 
Board  of  Direction. 
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The  President:    Gentlemen,  the  report  of  the  Treasurer  is  before 
|rou.     Any  remarks? 

A  Memhes:     1  move  that  the  report  be   accepted,   Mr.  President,  as 
read. 

1     Motion  seconded 
I    Motion  carried. 

Mil  Kellocc:     I  beUeve,  Mr.  President,  we  should  have  a  report  from 
the  Committee  on  Necrolog>\ 

The  President:     Mr.  Jackson^  are  there  any  members  o£  the  Com-i 
littec  on  Necrology  present? 

Secretary  Jackson  :     I  do  not  think  there  are»  Mr.  President    Their 
report,  of  course,  will  appear  in  the  annual  proceedings. 

The  President:    If  there  are  no  special  committees  to  report,  I  would 

(like  to  say  under  this  head  that  a  committee  was  appointed,  consisting  of 

Messrs.  Brinsmade.  Luther  and  Crandall,  to  take  up  the  matter  of  the 

Dsed  hill  in  regard  to  licensing  engineers  and  surveyors.     They  were 

Dinted  as  a  committee  by  the  Board  of  Direction  at  one  of  the  recent 

meetings,  and  we  should  have  something  from  that  committee  when  we 

introduce  miscellaneous  business.     The  object  or  purpose  of  the  hill  has 

been  explained  in  a  circular  which  has  been  sent  out     I  think  most  all  of 

ijou  have  received  copies  of  the  bulletin  which  was  issued,  and  all  have 

Ihad  a  chance  to  look  it  over. 

We  now  come  to  the  election  of  new  members, 
Mr.  Bunce:     Mr.  President,  I  move  that  the  rules  be  suspended  and 
that  the  Secretary  be  authorized  to  cast  the  ballot  of  the  Society  for 
the  names  as  read  by  him.     As  I  understand*  the  names  of  all  of  the 
nominees  which  he  read  have  been  approved  by  the  Board  of  Direction. 
Motion  seconded. 
Molion  carried. 

The  pREsmENT:   I  will  appoint  as  tellers.  Mr.  Belden  and  Mr,  Corson, 
There  are  21  new  members,  and  their  names  can  hardly  be  deposited 
Lwithout  taking  a  few^  minute>.  and  making  out  the  list 
f     Secretary  Jackson  :     I  do  not  think  that  is  necessary.  Mr.  President. 
The  ballot  is  ready  now. 

The  President:    The  Secretary  says  that  the  ballot  is  ready  on  the 

Iclection  of  new  members.    The   tellers  report  that  the   Secretary  has 

^cast  one  ballot  for  all  new  members,     I  do  not  think  it  is  necessary  to 

read  the  names,  as  they  are  all  published  in  the  program,  and  T  would 

therefore  declare  that  those  names  as  printed  have  been  elected  members 

f of  the  Society. 

The  next  business  in  order  is  the  election  of  officers,     I  would  say  that 

'Mr.  C  H.  Olmsted  of  East  Hartford  and  Mr.  CHnton  L.  Cole  of  Hart* 

ford  were  appointed  tellers,  and  they  have  been   for  some  little  time 

canvassing  the  ballots.    As  soon  as  they  are  ready  to  report,  we  will  he 

able  to  announce  the  new  officers. 

The  next  in  orfler  is  the  address  of  the  President 

The  following  address  was  then  delivered  by  Presirjent  Chase: 
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ADDRKSS  OF  THE  PRESIDENT. 
Gentlemen  of  the  Connecticut  Society  of  Civil  Engineers: 

A  short  time  ago  I  had  the  pleasure  of  listening  to  one  of  the  counin- 
greatest  educators  and  statisticians  on  the  subject,  'The  Public  Con- 
science." During  his  talk  he  asked  if  any  one  of  his  audience  couM 
state  where  a  man  should  go  if  he  wished  to  be  free  from  such  a  con- 
science and  its  attendant  conditions.  Receiving  no  reply,  he  said  that 
tliere  was  just  one  country  in  the  world  and  that  was  Patagonia.  There 
Hiey  have  no  jails,  no  police,  no  crime,  as  we  know  it,  and  no  societ}-: 
all  of  these  being  results  of  our  conscience  and  civilization. 

Should  the  question  be  asked,  where  should  one  go  and  not  find  an 
engineer,  it  would  be  a  far  more  difficult  question  to  answer.  I  think 
that  I  can  safely  state  that  engineers  have  invaded  every  countrj''  on  the 
globe.  Even  Patagonia  knows  them,  and  the  results  of  their  work  and 
labors  are  before  us  at  all  times  and  in  all  places. 

Imagine  one  of  the  native  Patagonians  transported  from  the  quiet 
and  conscienceless  surroundings  of  his  own  land.  We  will  assume  that 
he  has  journeyed  many  long  days,  and  in  the  dusk  of  the  departing  day 
the  vessel  bearing  him  j^s  entering  the  harbor  of  the  greatest  of  Amer- 
ica's seaports.  New  York,  by  night,  with  its  myriads  of  lights  extending 
from  the  sea  line  to  the  lofty  altitudes  of  the  storied  buildings,  would 
be  a  sight  never  to  be  forgotten.  Little  would  he  imagine  that  the 
greatest  engineering  abilities  arc  involved  in  the  production  of  many  of 
the  sights  that  are  spread  out  before  him.  He  has  landed;  and  the  rush 
of  cars  overhead  and  the  rumble  of  cars  below  cannot  but  show  him 
that  he  has  entered  into  a  new  world  and  a  new  life.  Let  us  enter  the 
<iil)way,  one  of  the  greatest  engineering  achievements  of  the  present  day; 
a  few  miniiles  later,  at  42nd  street,  the  immense  work  of  the  New  York 
Central  Railroad  stands  as  an  example  of  man's  struggles  in  one  direc- 
tion. Fnrtlicr  on  to  Timc^  Square,  and  a  monument  of  the  engineer's 
ability  and  cunninj^  rears  its  25  stories  above  the  street.  Who  would 
guess  that  the  same  structure  extends  for  four  stories  more  below  th-? 
sidewalk  on  which  he  treads?  Toward  the  south,  the  "Great  White 
Way,"  a  l)laze  of  light  dazzles  his  eyes,  and  the  vastness  of  the  thing  ia 
almost  l)eyon(l  l)flief  or  description. 

All  this  is  the  result  of  engineering  of  one  kind  or  another. 

Tnm>portati<.m.  the  various  constructions  and  electricity,  all  are  depen- 
<lont  fur  their  existence  and  being  upon  the  skill  of  the  engineer,  and  the 
forces  that  liavc  been  made  subject  to  him. 

Xinely-ciKlit  year-^  ago  to-day  there  was  born  in  a  backwoods  town 
ill  Kentucky,  a  man  the  wliole  nation  learned  to  revere.  With  the  lim- 
ited means  and  n])p()rtnnities  ofTercd  to  him.  Abraham  Lincoln,  at  one 
time  in  his  life,  became  a  surveyor.  The  histories  of  this  g^reat  and 
good  man  picture  him  standing  in  position  behind  his  compass,  and  I  am 
sure  that  the  lines  he  ran  and  the  plots  he  surveyed,  with  his  simple 
instrument,  stand  as  niDuument^  of  his  accurate  and  intelligent  work. 
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At  this,  oyr  twenty-third  annual  meeting,  wc  are  again  gathered 
together  and  shot^ld  congratulate  ourselves  on  living  in  this  age  of 
progress  and  civilization. 

As  the  **public  conscience"  is  the  result  of  education,  so  is  the  sci- 
■^encc  of  engineering.  We  have  much  more  than  our  predecessors  of  a 
hundred  years  ago,  and  we  want  more,  yet  our  wants  do  not  seem  even 
^■et  to  he  satisfied. 

Wc  call  ourselves  a  "Society  of  Civil  Engineers/'  but  interpret  the 
words  broadly  enough  to  include  the  engineers  of  allied  lines  of  work. 
It  IS  well  that  we  do  this,  for  our  Society  would  be  inclusive  rather  than 
exclusive.    It  is  not  necessary  that  a  man  should  be  simply  an  expert  in 

» running  a  level  or  compass,  or  in  gauging  the  flow  of  the  stream,  to 
become  a  member.  If  lie  has  achieved  anything  that  adds  to  the  engi- 
neering knowledge  of  the  world,  or  has  shown  his  ability  in  surmount- 
ing nature's  obstacles  in  any  of  the  varied  and  kindred  lines,  his  place  is 
surely  in  our  ranks. 
II  Two  tni  cylinders  w*ith  diaphragms  of  sheepskin,  a  string  across  the 

^Bstreet«  and  we  have  our  lirst  telephone.  We  can  now  sit  at  our  desk  or 
^Bin  our  own  house  and  can  talk  w  ith  our  business  acquaintances  or  friends 
^Bivho  arc  located  hundreds  of  miles  away.  We  can  call  this  ^Telephone 
^^Engineering,"  if  you  please*  and  no  obstacle  has  yet  been  able  to  resist 
its  onward  march  toward  perfection. 

The  farmer,  at  his  own  home,  used  to  make  his  own  tallow  dips  in  the 

fall  of  ihe  year,  all  of  the  materials  being  strictly  of  home  production. 

If  we  cannot  now  turn  a  switch  and  throw*  a  flood  of  the  purest  light, 

L      we  arc  not  satisfied.     It  is  only  by  utilising  the  power  of  the  stream  or 

^vlhe   heat   from   the   coal  that   this   result   has  been   attained.    This   i-* 

^■''Electricity*'  and   "Electrical  Engineering,"    a    branch    of    engineering 

ahnost  by  itself,  and  the  end  is  not  yet. 

The  mariner  on  the  ocean*  far  out  of  sight  of  land  or  beacons,  catches 
the  vibration  of  the  air  and  transforms  it  into  a  message  of  welcome. 
He  is  no  longer  alone,  even  though  his  vessel  is  separated  from  any 
other  by  hundreds  of  miles.  What  shall  I  name  this,  "Telegraphic 
Engineering?'* 

Little  by  little,  the  power  and  knowledge  of  man  is  surmounting  the 
forces  of  nature  and  bringing  tliem  into  his  service.  The  immensity  of 
^^mc  of  man*5  achievements  is  hardly  w^ithin  comprehension,  and  there 
^Kecms  to  be  no  obstacle  which  cannot  be  overcome  by  his  cunning. 
Even  now  we  read  of  the  seven  wonders  of  the  world,  one  of  which  was 
the  Pyramids  of  Egypt.  In  the  building  of  the  great  Pyramid  of  Cheops 
it  is  said  that  thousands  of  slaves  were  employed  for  many  years.  This 
is  a  pygmy  among  our  present  day  achievements.  The  output  of  the 
city  of  Pittsburg,  including  steel,  coal  and  glass,  would  construct  a 
Cheops  cverv'  four  weeks.  And  to  what  is  this  result  due?  In  great 
part  to  the  energy  and  invention  of  the  engineer,  under  whose  guiding 
hand  the  earth  is  made  to  give  up  its  riches  and  to  send  them  forth  into 
all  the  world. 
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cced  loo  fast.    With  the  great  niimbcr  of  systems  of  concrete-steel  con- 
atruction  there  may  not  be  any  one  that  h  better  than  all  the  rest,  but 
^^sevcral  of  equal  merit. 

^M    We  hear  too  often  of  some  failure  in  construction^  and  it  is  the 

^■duty  of  the  engineer  to  see  to  it  that  such  failures  do  not  occur.    The 

^Pold  excuse,  "error  of  judgment,"  should  be  discarded  and  the  engineer 

'       should  take  aire  that  the  *'error  of  judgment"  is  not  "greed  of  con* 

tractor,"    The   lack   of  proper  supervision   in  concrete  construction   is 

responsible  for  too  many  of  the  failures,  and  the  desire  to  sec    *'hbw 

cheap"   rather  than   "how  good."    The  best  is  none  too  good,  and  with 

proper  materials,  proper  construction  and  proper  supervision,  there  h 

no  reason  why  concrete  construction  should  not  hold  the  place  which  it 

I  has  attained  and  continue  to  advance  in  favor  and  in  merit,  I  mention 
supervision  last,  but  it  is  the  most  important  of  all,  and  it  is  here  w^here 
!*i'e  engineers  do  have  and  will  have  an  opportunity  to  show  what  we  are 
Worth.  Concrete  construction  is  one  of  the  oldest  and  most  stable  of  all 
forms  of  building,  as  has  been  proved  by  the  remains  of  the  old  viaducti 
which  arc  still  to  be  seen  in  European  countries. 
Our  ow*n  counir>*  is  already  launched  upon  one  of  the  greatest  of 
engineering  undertakings,  the  construction  of  the  Panama  Canal 
While  this  is  only  in  its  infancy,  it  is  a  very  lively  infant  and  promises 
I       well  for  its  sponsor, 

^^     In  this  connection  1  am  pleased  to  call  the  attention  of  the  members  to 

^■Our  speaker  of  the  afternoon,  Mr  Lewis  AI.  Haupt,  of  Philadelphia,  who 

will  present  a  kindred  subject,  which,  T  am  sure,  will  be  interesting  to 

Pall:  *Thc  Relation  of  the  Engineer  to  Transportation."  The  address 
y  ill  be  illustrated  with  lantern  shdes,  and  Mr.  Haupt  is  very  desirous 
that  a  general  discussion  should  follow  his  remarks.  I  would,  therefore, 
»urge  you  all  to  be  prepared  to  take  part  in  it. 
You  will  also,  before  the  close  of  the  session,  have  a  chance  to  discuss 
a  "Proposed  bill  to  regulate  the  practice  of  Civil  Engineering  and  Sur- 
veying in  Connecticut."  This  is  a  matter  that  has  been  considered  by 
your  Board  of  Direction  and  is  now  presented  to  you.  The  more  safe- 
guards we  can  place  around  our  property  and  our  records  the  better 
for  U5,  and  it  is  with  this  idea  in  view  that  the  matter  is  presented.  The 
draft  js,  of  course,  in  preliminary  form,  and  it  remains  for  yon,  in  your 
good  pleasure,  to  criticise  or  modify  the  same. 
ii  In  closing.  I  can  only  express  the  hope  that  our  Society  will  continue  to 

^Kprosper,  and  that  it  may  be  known  both  within  and  without  the  state  by 
^■what  it  accomphshes.     There  are  many  disheartening  experiences  for  the 
young  engineer,  as  those  of  older  experience  can  testify,  and  while  all  of 
tis  cannot  be  occupied  in  building  a  canal  or  a  subway*  there  is  always 
room  for  those  who  are  willing  to  work,  thereby  accomplishing  somc- 
^^thing,  even  though  it  be  small,  that  may  tend  to  the  advancement  of  our 
^pchosen  profession. 

The  President:    Mr.  Sec^eta^>^  are  the  tellers  ready  to  report? 
Secretahy    Jackson:     1    understand,    Mr.    President,    they    are    not 
quite  ready. 
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Mji  i\Ki  :  Mr.  Pro-i-'itni.  I  move  that  the  Society  extend  a  hearty  vo:t 
»:■:  :^:.:::k>  lo  :::o  rrc>iii[cr.t  for  ihis  valuaV^le  report  which  he  h.i*  igi\tv. 
-.:>  :::  :::>  .;i:Jrc->.  :ir.d  :h;i:  wo  TiIm.'  instruct  the  Secretary-  12 ot  :o  ot.:- 
..ryij'.irj;  k  :  ::  i:i  ^ir  in  ting  the  r.riniKi!  rertort.  The  Secretary  w:]]  r.len-^ 
r:::  ::■..:  :v   .-.  \.':e  if  it  :>  sirC'"']^:^.!. 
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haps  looks  more  dign^itied  to  leave  it  out,  but  if  siicli  should  become  the 
case,  that  the  advertising  should  fall  off,  we  would  he  really  in  bad  shape. 
^^     The  balance  in  the  treasury  always  appears  larger  as  reported  at  this 
^Kinie  of  the  year  than  at  any  other  lirne  because  there  is  an  accumulation 
^Hof  money,  but  immediately  after  the  Society  adjourns  the  bills  begin  to 
^Heome  in,  aud  without  that  amount  of  balance  on  hand  we  would  be  una- 
^^ble  to  pay  our  bills  promptly.    The  expenses  of  the  Society  then  come  in, 
and   as  we   print   this   report  which   is   about  to  appear^   and   pay    the 
expenses  of  this  convention,  if  wc  did  nut  have  about  the  amount  of 
money  that  we  now  have  on  hand  we  would  be  obliged  to  run  in  debt. 
Wc  could  not  meet  our  bills  promptly  as  they  come  in.     By  having  the 
anioijnt  of  money  that  we  take  in  now,  we  are  able  to  meet  the  expenses 
for  this  meeting,  and  those  for  the  summer  meeting,  and  publish  our 
report,  and  our  other  expenses,  and  we  arc  enabled  to  give  the  members 
better  entertainment,  and  to  undertake  matters  in  the  *way  of  entertain- 
ing that  wx  could  not  do  without  it.     My  personal  feeling,  Mr.  President. 
is  against  any  reduction.     In  fact,  as  I  feel  now,  I  would  be  much  more 
in  favor  of  increasing  our  dues  ralher  than  lowering  the  amount, 

Mr.  Belden  :     ^tr  President,  I  quite  agree  with  what  Mr.  Kellogg  has 
said.     It   has    seemed    to    mc,   also,   that   our    Secretary-Treasurer    has 
^-always  received  a  very  small  compensation  for  his  services^  and  if  there 
^Ms  any  change  to  be  made  in  the  dues,  it  occurred  to  me  that  an  advance 
^Hpi  his  compensation  would  be  preferable  to  the  members  of  tlie  Society 
^Pni&er  than  a  reduction  in  the  dues.    There  is  a  considerable  burden 
upon  our  officers  to  take  care  of  the  detail  work  of  the  Society.     In 
connection  with  the  office  of  the  Secretary-Treasurer,  I  know  that  that 
has  been  very  considerable,  and  that  he  has  done  a  large  amount  of  w^ork 
for  which  he  has  not  been  compensated  by  the  Societ>\    Before  we  con- 
sider any  proposition  to  reduce  the  dues,  I  think  we  should  be  in  a  posi- 
tion to  pay  better  compensation  to  our  officers  than  they  are  recei\'ing 
to-day,    I  quite  agree  with   Mr.  Kellogg,  tf  there  is  to  be  any  change 
made  in  the  dues,  I  should  be  in  favor  of  advancing  them  rather  than 

kof  a  reduction. 
The  President:    Anyone  else  anything  to  say  on  this  matter  ? 
Mr.  Nichols  :     Air.  President,  in  order  to  obtain  an  expression  of  the 
Opmion  of  the   Society,   I  move  that  the   dues   reiiiain   as   they  arc   at 
present 

Motion  seconded. 

The  pREsrnENT:  Gentlemen,  the  motion  is  made  and  seconded  that 
the  dues  remain  as  they  are  at  present. 

]\tR.  KELLOt'-Ci:  Mr.  Pre^^ident,  should  that  not  l>e  made  perhaps,  in 
the  form  of  an  amendment^  !t  would  not  do  any  harm.  I  do  not 
know  whether  I  am  right  about  it,  but  was  any  motion  made  before 
this? 

Mr.  Nichoi,s  :  1  did  not  understand,  Mr.  President,  that  there  was 
any  motion  in  regard  to  the  matter  before  the  Society. 

Mr.  Kellogg  :  I  am  ralher  glad  that  has  been  made.  The  discussion 
of  this  subject  will  not  do  any  harm  even  if  it  does  not  do  atry  good. 
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Mr.  Bl'rt:  Mr.  President,  I  made  no  motion  in  connection  with 
this  matter.  My  purpose  was  simply  to  draw  out  an  expression  v. 
opinion.  I  do  not  know  as  I  understood  Mr.  Kellogg's  point,  but  n 
I  gathered  it,  he  meant  that  it  would  perhaps  be  necessary  to  ameoA 
the  constitution. 

Mr.  Kelloco:     Yes. 

Mr.  Blrt:  I  made  no  motion  in  regard  to  the  matter.  Mr.  Presi- 
dent, at  all.    I  merely  wanted  to  draw  out  an  e.\pression  of  opinion. 

The  Presiuent:  I  do  not  think  we  want  to  go  through  the  form 
of  amending  the  constitution  for  this,  because  it  seems  as  if  the  feeling 
was   mostly  on  one  side. 

Mr.  KELLO<if; :  You  migiit  put  that  motion,  Mr.  President^  simply 
;i-  a  means  of  ascertaining  the  feeling  of  those  present. 

Mr.  Blrt :  That  is  all,  Mr.  President,  as  I  stated  before,  that  I 
wa^  trying  to  get. 

The  Pre.sidrnt:  I  will  call  for  the  opinion  of  the  Society.  Those 
who  are  of  the  opinion  that  the  dues  should  remain  as  they  are  at 
present  will  please  manifest  it  by  saying  "aye."  Those  opposed.  The 
feeling  -cem^  to  be  unanimous  against  any  change  in  the  dues. 

Now  as  to  the  matter  of  the  committee  on  the  proposed  bill,  I  am 
\ery  sorry  that  Mr.  Brinsmade  is  not  here.  He  is  chairman  of  that 
committee^  and  I  understand  is  ill  at  home.  If  Mr.  Crandall,  who  u 
present,  can  say  anything  about  the  bill,  we  should  be  g^lad  to  hear 
from  him. 

Mr.  Cr.\ndai.l:  Mr.  President,  I  do  not  know  as  I  can  say  very 
much  r,n  this  sul)jcct.  The  first  I  knew  of  this  matter  was  at  the 
m-triiiiif  of  the  Board  of  Direction  in  Xcw  Haven  last  month,  when 
it  u.'i-  Imjiiylit  up,  iind  it  seemed  to  be  the  sentiment  of  the  Board  of 
Directi-'n  that  it  would  he  well  to  appoint  a  committee  to  frame  some 
bill  so  as  to  secure  the  examination  and  registration  of  the  civil  engi- 
neer^ and  surveyors  in  the  state.  I  was  appointed  on  that  committee, 
but  I  have  been  unable  to  meet  with  them.  They  had  one  meeting.  I 
think,  in  Hartford,  this  last  week,  but  it  came  at  such  a  time  that  I 
could  not  «et  here,  so  that  really  I  knew  nothing  more  about  it  until 
I  recci\c(l  a  copy  of  the  draft  which  most  of  us  received  yesterda} 
afternoon  or  la>t  cvcnini?.  We  did  have  at  the  meeting  of  the  Board 
of  Direction  a  rouj:jli  draft,  which  was  drawn  by  one  of  the  members. 
but  tliai.  i!>  I  understand  it.  bns  been  somewhat  changed  to  meet  the 
idea^  of  the  connnittec.  However,  as  regards  the  proposed  bill  as  sent 
out.  I  am  unable  to  say  anything  further. 

.Mr.  Corsox:     Mr.  President.  I  would  bkc  to  ask  as  to  whether  this' 
bill  lia>  bei-n  presented  to  the  lejrislaturc  as  yet,  or  has  it  only  been  pre- 
sented Xo  this  Soeiety  for  (li-cu<«iion? 

Tm:  l*Ki:sn>K\r:  Perhaps  Mr.  Jackson  can  give  some  information 
about  that? 

.*^^(  Kj'i\kv  J\(.K>o\:  1  think  Mr.  Bush  can  tell  you  more  about 
lIiMt  tli;in   1  c;in. 
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Mr.  Bush  :  Mr.  PresidejU.  Mr.  Brinsmadc  came  up  here  la>l  Tbiir<i- 
flay,  and  saw  Dr  Luther  in  ihc  Senate  chamber.  That  was  the  last  fJay 
an  which  new  business  could  be  introduced  It  was  necessan*  to  put 
in  the  bill  at  that  titne  or  it  could  not  be  presented  at  all  As  I  under- 
-stand  itj  Dr.  Luther  put  in  the  original  draft  which  is  somewhat  dif* 
Ifcrenl  from  the  bill  we  have  firinted  to-day,  as  the  committee,  since 
Sbcn,  have  gone  over  the  matter  and  changed  some  parts  of  the  original 
draft  Of  course,  ihe  bill  can  be  fixed  in  the  committee  of  the  Icgisla- 
ire  so  that  it  will  conform  to  the  shape  that  the  Society  would  like 
have  it,  provided  that  was  acceptable  to  the  committee.  Mr.  Brins* 
made  was  ver>'  sorry  that  he  could  nut  get  up  here  to>day.  He  is  sick 
^with  the  grippe.  The  doctor  w*ill  not  let  him  out.  He  telephoned  up 
^lis  morning  that  he  would  be  unable  to  come.  Mr.  Brinsmade  was  in 
'iavor  of  the  bill.  I  believe  1  can  state  that  he  was  strongly  in  favor 
of  a  bill  of  this  kind,  and  has  taken  quite  an  interest  in  it.  And  he 
:onsiders  it  a  good  live  subject,  and  it  would  do  no  harm  to  take  the 
;)reliminary  steps,  so  that  if  the  Society  wanted  to  go  ahead  with  it. 
all  they  will  have  to  do  will  be  to  appoint  a  committee  to  advocate  it 
before  the  legislature,  or,  if  it  is  decided  here  not  to  do  anything  about 

tt.  let  it  die  in  the  committee.  At  any  rate,  it  will  certainly  be  a  good 
ttibject  for  discussion. 
A  Member:  Mr.  President.  1  have  not  seeti  the  bill  Perhaps  »t 
I'ould  be  well  for  the  Secretary  to  read  it. 
The  President  :  Mr  Secretary,  have  you  a  copy  of  the  bill'' 
\'ouldn't  it  be  well  to  read  it?  I  presume,  however,  that  most  of 
he  members  have  read  it  because  copies  were  sent  to  all. 

Secretary  J.\ckson  :  Mr  President,  I  have  several  copies  of  it  here» 
and  perhaps  it  would  be  better  to  distribute  them.  The  bill  itself  is  a 
little  long.     It  would  take  quite  a  few  minutes  to  read  it 

Mr.  Bunce:  Mr.  President,  I  have  had  some  talk  with  a  good  many 
members  of  the  Society  in  relation  to  this  matter,  atid  I  would  sug- 
gest if  the  subject  ts  to  be  discussed,  that  if  there  is  any  one  in  the 
room  who  is  in  favor  of  this  bill,  he  should  open  the  <vubject  and  give 
us  the  reasons  for  his  belief  in  the  necessity  for  such  a  bill  as  proposed. 
The  PRESmENT;  Gentlemen,  you  have  heard  this  suggestion  made 
by  Mr,  Bunce.  He  suggests  that  some  one  in  favor  of  the  bill  start 
^»Uie  discussion. 

^B    Mr.  Brown:     If  no  one  seems  inclined  to  respond  to  this  suggestion* 

^Hrould  it  not  be  well  for  someone  w^ho  is  opposed  to  it  to  speak  upon  it? 

^B    Secretary  Jack.sox:     Mr.  President,  we  all  now^  have  a  copy  of  the 

bill,   f   think.     I   should  ni>t   like  to  see  the  matter  passed  over  without 

some  discussion.     I  might  say,  ^Ir.   President  and  gentlemen,  that  this 

matter  of  the  registration  and  c^camination  of  engineers   is  a  question 

tiat  has  been  agitated  to  a  greater  or  less  extent  among  engineering 

cietics,  which   are  of  considerably  greater  age  than  the  Connecticut 

ciety  of  Civil  Engineers.     In  fact,  it  has  been  discussed  as  far  back 

%s  1884,  in  the  state  of  Ohio,  and  particularly  in  the  state  of  Pennsyl- 

ania*  also  in  the  states  of  Colorado  and   Illinois.     At  different  times 
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during  the  existence  of  these  engineering  societies,  I  have  noticed  is 
their  procecrlings  references  to  stich  a  discussion.  It  comes  up  every 
little  while  in  some  form  or  another.  Xow  I  think  that  the  matter  of 
the  registration  and  licensing  of  engineers  is  going  to  be  a  live  snbjca 
for  discussion  in  this  Society,  if  not  now,  then  in  the  near  future,  h 
has  bx^en  pretty  thoroughly  thrashed  out  in  these  societies  that  I  have 
spoken  of.  and.  so  far  as  you  can  learn  from  their  reports,  the  majontr 
of  the  members  of  those  societies  seem  to  be  in  favor  of  a  bill  of  some 
kind,  yet  they  have  never  been  able  to  have  one  passed  for  the  reason 
that  it  was  opposed  by  some  members  who  did  not  want  it.  About 
the  last  word  on  the  subject  was  in  the  Ohio  Society  of  Civil  Engi- 
neers, after  the  form  of  whose  bill  this  one  was  modeled.  I  under- 
stand that  their  bill  received  a  favorable  report  in  the  committee,  but 
what  action  was  taken  upon  it  in  the  legislature  I  do  not  know. 

.\s  to  the  arguments  for  or  against  it.  I  have  seen  no  argument 
against  it.  I  can  give  you  briefly  the  arguments  that  I  know  of  in 
fa\or  of  it.  In  the  state  of  Ohio,  and  in  a  number  of  western  states, 
they  have  what  is  commonly  known  as  the  county  surveyor.  His 
legal  status  has  been  to  a  certain  limit  defined  in  the  legislative  enact- 
ments of  those  states,  but  nowhere  in  any  of  those  legislative  enaa- 
ments,  or,  for  that  matter,  I  might  say,  in  any  state,  has  an  engineer 
any  legal  standing.  If  a  physician  is  to  be  appointed  at  an  asylum  or 
at  the  state's  prison,  or-  any  similar  place,  or  if  a  lawyer  is  to  be 
appointed  on  any  commission,  you  will  generally  find  that  the  law  pre- 
scribes that  he  must  be  a  licensed  physician  or  a  licensed  lawj-er.  or 
one  that  has  been  regularly  admitted  to  the  practice  of  his  profession. 
and  mii'it  be  one  that  has  passed  an  examination,  and  before  he  has  so 
Qualified  he  is  not  eligible  to  the  appointment.  As  it  is  now,  there  is 
no  way.  without  a  bill  of  this  kind,  for  the  engineer  to  attain  such  a 
standing.  It  is  only  recently  perhaps,  I  might  say.  only  within  the 
past  four  or  five  years,  that  engineering  has  come  to  be  regarded  as 
a  profession.  We  can  call  it  so  now,  but  before  that  it  was  not  recog- 
nized a^  one  of  the  old  professions.  As  you  all  know,  up  to  within  a 
very  recent  time  the  law,  medicine  and  theology  were  the  only  occupa- 
tions that  were  really  recognized  as  professions.  I  believe  though 
that  there  was  a  rule  or  a  decision  some  three  years  ago  by  a  supreme. 
court  judge  in  some  western  state  which  defined  the  engineering  craft 
as  the  fourth  profession,  putting  it  therefore  upon  a  legal  basis.  Since 
that  time  literature  on  the  subject  has  been  more  extensively  written, 
and  if  you  have  followed  it  up  at  all.  you  have  perhaps  found  that  that 
agitatij^n  has  been  proceeding  through  different  states  for  the  better- 
nuMU  of  the  engineering  profession,  and  the  hedging  around  of  the 
eiij>;ineer  with  legal  safeguards. 

Now  one  of  the  greatest  mistakes  that  has  been  made  by  most  ever}' 
^tate  that  ha*;  taken  up  this  subject  has  been,  that  they  have  tried  to 
iini)ress  upon  the  people  that  they  were  working  for  the  betterment  of 
tile  riij^iiicer  and  ft>r  the  improvement  of  engineering  as  a  profession. 
a>  a  busineNs,  and  for  that  reason,  or  that  has  been  one  of  them,  they 
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have  failed  so  far  to  get  any  of  the  registration  acts  through.  What 
we  have  got  to  do,  of  course,  is  to  show  the  pubHc  that  we  are  work- 
ing for  the  public  good.  While  we  may  get  a  considerable  benefit  from 
such  a  law,  we  have  got  to  show  the  public  that  we  are  working  for 
their  interest.  In  other  words,  it  has  to  be  shown  that  this  is  a  measure 
which  tends  to  safeguard  the  public,  that  the  engineering  profession 
has  now  reached  such  an  advanced  stage,  and  that  the  duties  which 
it  is  called  upon  to  perfonn  are  so  intimately  connected  with  the  proper 
safeguarding  of  the  welfare  of  the  people^  that  the  time  has  come 
when  positions  involving  trust  and  responsibility  should  be  held 
by  men  who  are  qualified  by  education  and  experience  to  fill  them:  and 
that  some  men  who  have  held  these  positions  in  the  past  should  not  be 
allowed  to  go  on  in  the  loose  and  careless  manner  they  have.  Of 
course,  the  state  has  been  willing,  in  many  instances,  to  accept  the 
recommendation  of  the  Society,  either  the  national  or  state»  that  a 
man  was  capable,  1  think  that  the  same  thing  is  true  with  some  of 
the  other  professions.  For  instance,  I  believe  that  in  the  appointment 
of  a  physician  and  surgeon  in  some  cases,  they  are  willing  to  accept  the 
recommendation  of  the  county  society,  or  something  like  that  in  lieu 
of  something  else.  In  law,  a  man  is  required  to  have  passed  examina- 
tion. In  the  ministry,  you  will  find  that  a  man  has  to  be  a  licensed 
mmister, 

These,  in  brief,  are  the  arguments  in  favor  of  the  bill.  As  to  the 
arguments  against  the  bill,  as  1  said  before,  I  have  heard  of  none. 
Possibly  that  is  hecause  that  part  of  the  subject  has  not  been  very 
fully  gone  into.  If  you  have  read  the  proceedings  of  the  Engineering 
Society  of  New  York  City»  a  large  and  growing  society,  you  will  find 
there  an  article  touching  upon  the  status  of  the  profession,  in  which  the 
author  goes  quite  thoroughly  into  the  legal  standing  of  the  engineer, 
I  think  it  is  a  fact,  as  is  brought  out  in  that  article,  that  the  engineer 
has  not  received  the  recognition  that  he  should  before  the  law.  And 
there  are  quite  a  number  who  are  coming  to  the  opinion  that  his  standing 
should  be  more  clearly  differentiated,  so  that  the  engineer  may  occupy 
the  place  to  which»  I  am  sure  we  all  feel,  he  is  properly  entitled,  not 
only  by  education  and  attainments,  but  in  other  respects,  and  which  for 
a  long  time  has  been  denied  him. 

I  do  not  think  there  is  anything  further  that  I  can  say.  As  Mr.  Bush 
has  told  you,  this  matter  was  brought  up  because  it  was  thought  it 
would  be  a  very  interesting  topic  for  discussion  before  the  Society;  that 
having  thoroughly  discussed  it  here,  then  if  the  society  saw  fit  to  push 
this  bill,  or  some  other  bill  in  a  modified  form,  before  the  present  sitting 
of  the  legislature,  we  could  do  so  without  having  to  lose  two  years' 
time. 

Mr,  BF-tDEK :  Mr.  President,  if  it  is  in  order,  I  would  like  to  move 
that  this  matter  be  tabled.  We  have  a  Board  of  Direction,  and  they  arc 
amply  able  to  decide  upon  the  efficiency  of  any  apphcant  for  membership 
in  this  Society.  So  far  as  the  safeguarding  of  the  profession  is  con- 
cerned, that,  it  seems  to  me,  is  a  matter  that  will  attend  to  itself;    this 
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bill  is  not  necessary  from  that  point  of  view.  Therefore,  if  the  motion 
is  in  order,  I  move  that  this  matter  be  tabled. 

Motion  seconded. 

The  President:  Gentlemen,  it  has  been  moved  and  seconded  that 
this  matter  be  tal)led.     Are  you  ready  for  the  question? 

A  Member:  Mr.  President,  I  would  like  to  ask  if  that  motion  is 
debatable. 

The  President:  Xo,  it  is  not  debatable.  It  cuts  off  all  discussion. 
Those  in  favor  of  tabling  the  whole  matter  manifest  it  by  saying  "aye." 
Those  opposed,  "no."  The  "noes"  have  it,  and  the  matter  is  still  open 
for  discussion.  I  will  say  that  I  am  very  glad  it  is  because  it  is  some- 
thing which  I  think  needs  to  be  discussed,  and  it  is  one  of  the  things 
that  we  have  plenty  of  time  to  take  up  before  we  adjourn.  I  think  we 
ought  to  discuss  this  matter  thoroughly,  and  if  that  motion  is  made  later, 
after  all  have  had  a  chance  to  be  heard,  we  can  pass  it  if  it  seems  l)est. 

Mr.  Crawford  :  Mr.  President,  I  have  not  given  this  bill  as  careful 
attention  as  I  would  like,  but  it  seems  to  me  that  section  eight,  which 
undertakes  to  define  what  a  practicing  civil  engineer  is,  within  the  mean- 
ing of  this  act.  opens  up  a  field  where  the  engineer  and  the  architect 
might  clash.  I  have  some  doubt  how  it  would  apply  to  the  employment 
of  any  engineer  from  outside  the  state  in  the  matter  of  contracts,  where 
it  is  necessary  to  call  in  outside  assistance,  and  whether,  that  being  so, 
interstate  law  would  not  apply  to  it? 

The  President:  Those  are  just  the  questions  we  want  to  discuss  and 
find  out  about.  Section  eight,  as  I  understand  it,  is  intended  to  cover 
points  where  the  engineer  and  architect  work  together.  So  that  the 
question  has  been  raised,  gentlemen,  whether  we  should  not  get  the 
architects  to  work  with  us.  As  1  understand  it.  the  architects  themselves 
have  an  association,  and  the  matter  has  already  been  talked  up  with 
some  of  their  members. 

Mr.  Crawford:  If  you  will  look  at  section  eight  you  will  see  that  it 
says,  **.\ny  person  who  designs  or  makes  drawings  for  any  bridge,  rail- 
rcxid.  harbor,  canal,  dock,  waterway,  highway,  sewer,  waterworks,  ditch, 
mine,  tunnel,  factory  building,  hotel,  apartment  house,  theatre,  store, 
grandstand,  places  of  amusement,  structures  having  a  public  or  semi- 
])ublic  use,  or  work  of  a  similar  nature,  or  who  makes  specifications 
therefore,  or  directs  the  construction  of  such  work  as  engineer."  It 
sccm>  t«>  nie  under  that  definition  of  what  should  be  regarded  as  a  prac- 
ticing civil  engineer  under  the  bill,  it  might  lead  to  a  clash  with  the 
architects,  and  that  that  is  a  matter  which  may  have  to  be  adjusted. 

The  Prksidkxt:  .\s  I  said  before,  that  is  one  of  the  particular  points 
whicli  lias  been  inlrcxluced.  and  which  should  be  talked  over.  We  hope 
that  the  architects  will  come  in  with  us  to  a  certain  extent. 

A  Member:  In  reference  to  that  point  made  by  Mr.  Crawford.  Mr. 
President,  it  seems  to  me  that  section  twenty-one  covers  that  question 
so  far  ab.  the  employment  of  outside  help  would  be  concerned.  That 
section  says  tliat  a  man  may  employ  assistants  on  any  piece  of  civil  engi- 
neering or  surveying  work,  and,  as  I  understand  it,  the  man  emplojHng 
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''  such  an  assistant  will  have  to  be  entirely  responsible  for  such  work.     It 
does  not   say  that  he  cannot   employ  any  outside  assistants.      Section 

^ twenty-one  seems  to  me  to  cover  that, 
Mr.  Chawford:     Section  21  says,  '^Nothing  in  this  act  shall  be  con- 
strued to  prevent  any  holder  of  a  certificate  from  employing  assistants 
on   any   specitk   piece  of   civil  engineering   or   surve\ing   work,   which 
assistants  shall  not  be  required  to  hold  certificates,  provided  that  they  are 
directly    under    the    supervision    of    such    iiolder   of    a    certificate    and 
responsible  only   to   him,"    The  employing   of   experts   to   come   in   is 
surely  not  covered  by  that. 
w    The  Pbesident:     If  there  is  any  doubt  about  that,  it  can  be  easily 
"covered.    We  can  introduce  just  as  many  more  sections  as  we  please. 
Mr.  Wadhams:     Mr*  President,  I  read  through  this  proposed  bill,  and 
1  got  the  impression  from  my  reading,  in  the  light  of  my  experience, 
that  it  is  intended  to  cover  that  point.     I  will  say  that  I  think  section 
21    ought   to  go  even    further,  and  cover   any  assistants   that   come   in 
and  who  are  put  in  charge  of  the  work.     I  think  it   should  be  made 

rliat  way  because  they  have  to  be  an  engineer  and  arc  really  in  charge 
of  the  work.  Wc  should  have  the  assistants  in  there  the  same  as 
engineers.     Section  21  should  go  further  than  it  does. 

Mr.   Aloerson  :     I   am  heartily  in   favor  of  the  expression   of   Mr. 

Wadhams  in  reference  to  assistants.    We  often  rec|uire  our  assistants 

take  charge  of  work,  but  that  does  not  really  necessitate  always  the 

ervices  of  a  man  that  might  be  classihed  nnder  the  head  of  a  person 

having  a  ccriihcate.    It  might  possibly  impose  a  hardship  upon  many 

snginecrs  in  business  if  we  had  to  retain  a  man  that  was  required  to 

how*  a  certificate.    Of  course,  I  realise  that  the  legislation  as  proposed 

coming  at  a  time  when  it  is  not  loo  late  to  adopt  something.     If  !  was 

atisfied  that  the  profession  of  engineering  was  going  to  receive  proper 

recognition  through  this  medium,  I  think  the  bill  would  be  a  good  thing. 

Of  course,  we  hope  to  protect  ourselves  in  every  way  possible,  but  at  the 

same  time,   [  agree  with  what  has  been  said,  that  the  time  is  perhaps 

rather  short  to  act  upon  a  full  understanding  of  the  contents  of  this  bill 

We  cannot  very  well  do  more  than  talk  over  and  discuss  some  of  the 

main   features  that  ought  to  be  understood.     One  thing  which  occurs 

to  me  is  when  an  engineer  comes  from  another  state  into  Connecticut 

^»|0  do  some  responsible  w^ork  for  which  he  is  qualified,  just  how  he  may 

^■lo  that  work,  unless  be  has  a  certificate,  it  is  difficult  to  determine. 

^m    Mr.  De  PtvsTER:     It  is  not  often,  Mr.   President,  that  we  have  an 

^■opportunity  to  indulge  in  any  discussion  of  this  kind  in  this  Society,  but 

^Bftl  the  same  time,  it  strikes  me  that  this  hill  is  a  measure  that  savors 

^Crery  strongly  of  paternalism,     It  strikes  me  also,  that  the  people  have 

got  about  as  many  commissions  as  they  need.     Public  sentiment  against 

p^overnment  by  a  commission  is  growing.     It  strikes  me,  moreover,  that 

rbile  wc  have  a  barbers'  commission  on  the  education  of  barbers,  and  a 

attte  commission,  and  various  other  commissions,   we   can   get  along 

nthout   a   civil    engineers   commission.      1    do    not   think   that   it  adds 

tiything  to  the  dignity  or  standing  of  the  civil  engineering  profession 


l82  TWENTY-THIRD  ANNUAL   MEETING. 

in  this  state  to  have  a  law  of  that  kind  passed  by  the  leg^islature.  It 
strikes  me  that  any  man  who  is  competent  to  become  a  member  of  this 
Society  is  able  to  take  care  of  himself  in  cither  this  or  any  other  state 
without  any  assistance  from  or  any  act  of  the  legislature.  I,  myself, 
think  that  it  does  not  add  to  the  dignity  of  the  profession,  and  on 
general  principles  I  should  be  opposed  to  the  enactment  of  any  such 
legislation.  I  do  not  think  you  could  ever  get  such  a  bill  through  the 
legislature. 

Mr.  Alderson:  Mr.  President,  does  this  measure  take  in  simply  the 
members  of  this  Society,  or  does  it  apply  to  engineers  that  are  not  mem- 
bers of  the  Society, — those  that  perhaps  would  not  be  a  credit  to  the 
Society;  and  those  that  are  practicing  without  proper  qualifications? 
If  it  is  going  to  put  us  all  on  a  level,  the  good  and  the  bad,  I  think  that, 
perhaps,  would  be  an  objection.  I  think  it  would  be  better  provided  the 
result  of  it  is  to  put  the  really  qualified  engineers  in  a  class  by  them- 
selves, would  be  to  add  to  the  dignity  of  the  profession,  and  in  that 
view  of  it,  it  would  be  a  good  thing  to  have  such  a  bill  as  this  go 
through. 

Mr.  Henderson  :  Mr.  President,  we  may,  possibly,  want  a  bill  to  help 
dignify  the  engineering  profession,  and  I  want  to  say  this  in  answer  to 
Mr.  Wadhams,  that  it  has  been  my  opinion,  or  not  exactly  my  opinion, 
but  my  observation,  that  if  a  person  has  work  to  do  of  an  engineering 
character,  and  employs  what  you  might  call  a  shyster  engineer,  it  is  his 
lookout.  Sooner  or  later  his  work  will  tell.  That,  however,  does  not 
hurt  the  professional  engineer  at  all. 

Now  another  point;  and  I  think  that  this  is  the  strongest  objection 
to  it :  if  an  engineer  was  merely  a  local  man,  and  the  work  that  he  did 
was  all  of  a  local  character,  or  all  of  his  work  was  local  in  the  sense  of 
being  in  Connecticut,  it  would  be  all  right,  but  many  engineers  here  do 
not  do  all  their  work  in  Connecticut.  They  go  to  New  York,  to  Massa- 
chusetts, to  Rhode  Island,  and  to  even  other  states  farther  away.  Now 
then,  suppose  those  other  states  get  a  bill  like  ours,  which  aims  simply 
to  cut  out  the  Connecticut  engineers.  You  can  readily  see  that  in  such  a 
case  it  might  do  more  hann  than  good.  Such  things  have  been  known. 
The  effect  of  it  would  be  then  simply  to  keep  Connecticut  engineers 
working  in  Connecticut.  They  could  not  go  outside  for  business, 
because  they  would  be  trespassing  on  another  man's  territory  without 
any  legal  right  to  do  it  whatever.  In  that  view  of  it,  I  think  it  is  a 
one-sided  affair.  It  is  something  like  the  dog  in  the  manger — an 
attempt  to  keep  the  other  fellow  out.  If  we  intend  doing  that,  it  will 
not  be  long  before  the  other  fellow  will  attempt  to  do  the  same  thing. 
There  are  too  many  engineers  to-day  working  in  Connecticut.  There 
is  not  enough  business  in  the  local  market  to  keep  them  all  busy,  and 
give  them  all  a  good  living.  They  have  got  to  go  outside  the  state  to 
get  a  living. 

Mr.  Bunce:  In  a  comparative  situation  I  think  I  can  sec  the  reason, 
or  one  reason,  at  any  rate,  why  these  western  states  that  Mr.  Jackson 
has  quoted  have  attempted  to  pass  such  a  bill  as  this.    Out  there  engi- 
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nccrs  and  surveyors  have  been  classified  together  to  a  large  extent, 
while  as  a  body,  they  are  rather  sur\^eyors  than  engineers  in  the  full 
acceptation  of  the  lerm.  They  are  very  largely  self-educated  men,  and 
men  who  have  picked  up  a  smattering  of  engineering,  and  are  atiempt- 
ing  to  practice  as  engineers  with  a  limited  knowledge  of  the  technical 
side  of  the  profession,  and  in  order  that  it  may  be  properly  recognized 
by  the  public  they  have  sought  to  have  such  a  law  passed.  Here,  I 
think,  the  situation  is  somewhat  different.  I  think  it  is  a  fact,  as  against 
that  situation  out  there,  that  here,  very  largeh%  in  this  state,  the  engineers 
are  educated  men,  men  who  have  been  trained  in  some  scientific  school 
or  college.  And  I  hnd,  if  I  interpret  article  nine  correctly,  that  the 
issuing  of  certificates  by  the  commission  to  be  appointed  under  this  bill, 
is  really  an  effort  to  divide  the  ivvo  classes  as  far  as  those  men  are 
concerned.  If  you  will  notice  section  nine,  it  says,  "The  board  shall 
issue  a  certificate  entitling  the  holder  lo  practice  civi!  engineering  to 
any  applicant  holding  lawfully  a  diploma  showing  completion  of  a  course 
in  engineering  in  any  college,  university,  or  school,  whose  curriculum  is 
approved  by  the  board,  together  with  satisfactory  evidence  that  he  has 
had  two  years*  practical  experience  imder  one  or  more  competent  sur- 
veyors or  civil  engineers/^  In  other  words,  the  graduate  of  a  scientific 
school,  and  one  having  had  two  years'  practice,  this  board  is  compelled 
to  give  a  certiticale  to.  It  seems  to  me  that  that  would  lead  to  trouble. 
It  rather  gives  it  the  look  that  it  is  a  question  of  money.  The  board 
practically  says,  although  you  have  gotten  one  diploma  from  the  school 
now,  that  you  are  a  graduate  from,  you  give  us  five  dollars  more  and 
we  will  tell  you  that  you  are  a  Httle  more  of  an  engineer,  perhaps,  than 

I  you  think  you  are,  if  you  don't  pay. 

The  President:  We  are  glad  to  hear  both  sides  of  the  story. 
Mr.  Hill:  Mr.  President,  every  effect  must  have  a  cause,  but  I 
cannot  understand  the  cause  for  this  bill  The  only  reason  that  I  can 
see  for  it  is  to  protect  the  "Dear  public,"  and  to  protect  the  employers 
of  engineers  and  surv^cyors  from  being  imposed  upon.  But  I  think  the 
men  who  employ  engineers  and  surveyors  can  be  relied  upon  to  use 
ordinary  common  sense  and  ordinary  discretion,  and  are  competent  to 
protect  themselves  wilJiout  the  aid  of  any  bill  such  as  tliis.  So  far  as 
this  bill,  which  is  now  before  the  present  legislature,  is  concerned,  Jt 
seems  to  me  that  this  is  something  of  an  adversary'  nature,  that  it 
should  have  been  advertised  before  the  session  opened.  If  that  is  the 
case,  it  could  not  be  legally  heard-  I  do  not  think  there  is  the  least 
shadow  of  a  chance  of  getting  it  through.  I  am  opposed  to  the  bill  I 
do  not  know  that  any  motion  has  been  made,  but  in  order  that  there 
may  be   something   to    speak   to,    I    will    move   that   the    President  be 

•  instructed  to  withdraw  the  bill 
Mr.  Bl'nce:    Second  the  motion. 

The  President:  Gentlemen,  it  is  moved  and  seconded  that  the  bill 
presented  to  the  legislature  lie  withdrawn.  Are  you  ready  for  the 
question? 
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Mr.  Burt:  Before  that  motion  is  put,  Mr.  President,  I  would  just 
like  to  call  attention  to  the  fact  that  the  suggestion  of  the  Secretary. 
that  it  be  allowed  to  die  a  natural  death  in  the  committee,  perhaps, 
would  be  all  sufficient. 

The  President:  As  I  understand,  the  bill  has  to  go  before  a  com- 
mittee of  the  legislature,  and  then  a  hearing  is  had.  This  has  not  yet 
been  announced,  and  I  do  not  think  that  it  has  gone  that  far.  Perhaps, 
as  Mr.  Burt  says,  it  is  not  necessary  to  even  withdraw  it,  but  simply  let 
it  alone.     I  will  put  the  motion,  however. 

Mr.  Bunce:  Mr.  President,  allow  me  to  make  a  suggestion  in  that 
connection.  That  bill  has  gone  in.  Now  suppose  there  is  no  action 
taken  by  this  Society.  If  the  Society  is  opposed  to  the  bill,  what  is  to 
prevent  my  friend  Jackson  and  one  or  two  others  who  are  interested  in 
the  bill,  from  going  up  before  the  legislative  committee  and  so  filling 
their  minds  with  the  necessity  of  it,  that  before  we  know  anything  about 
it,  the  committee  report  in  favor,  and  the  thing  should  go  through.  Now 
the  Society  is  opposed  to  it,  and  I  think  we  should  voice  that  opinion, 
and  have  it  our  official  action,  and  not  allow  the  matter  merely  to  lie 
there  in  the  committee  to  take  its  chances  of  being  killed,  because  it  is 
a  poor  bill. 

Secretary  Jackson  :  Mr.  Bunce  has  referred  to  me,  Mr.  President. 
as  one  of  those  who  are  among  the  few  friends  of  the  bill,  and  has 
suggested  that  1  may  go  up  before  the  committee  and  fill  their  ears  with 
arguments  in  favor  of  it.  and  I  thought  perhaps  you  might  be  willing  to 
listen  to  a  few  more  remarks  from  me.  What  I  said  was,  that  nobody 
had  any  intention  of  pushing  this  hill  without  the  approval  of  the 
Society.  If  they  had.  they  would  not  have  submitted  it  to  you  for  your 
approval  or  disapproval.  It  was  the  opinion  of  the  Board  of  Direction 
that  as  this  was  a  matter  of  importance  to  the  engineering  profession, 
it  should  be  taken  up  and  discussed  here.  As  I  told  you  before,  it  is  a 
matter  which  ha>  been  discussed  by  other  engineering  societies  through- 
out the  ctnnitry  in  such  meetings  as  this  Society  has  been  having,  and  is 
having  to-day,  and  it  has  been  the  idea  all  along  that  a  little  good- 
natured  discussion,  which  would  leave  no  l)itterness  behind  it,  and  in 
which  the  feeling  or  motive  of  the  Board  of  Direction,  or  the  framers 
of  this  bill,  would  not  be  questioned,  would  be  a  good  thing  for  every- 
body. \ow.  as  a  matter  of  fact,  the  bill,  as  I  understand  it,  will  be 
pigeon-holed  if  there  is  no  action  taken  by  the  Society,  but  I  think  that 
the  Society  ought  to  take  some  positive  action.  The  bill  has  been  pre- 
sented l:)y  the  members  of  the  Board  of  Direction  in  good  faith,  thinking 
that  they  were  doing  something  for  the  benefit  of  the  Society,  and  for 
the  hetternient  and  improvement  of  your  knowledge  of  engineering 
affairs,  and,  as  it  stands,  I  think  that  they,  at  least,  are  entitled  to 
courtesy,  and  that  you  should  either  instruct  them  to  go  ahead  with  the 
work,  or  po'^sibly  you  might  thank  them  for  what  they  have  done,  and 
then  instruct  them  to  drop  it  if  you  wish.  As  to  their  going  ahead 
without  your  consent,  there  is  no  fear  of  that. 
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Mr.  Burt:  It  seeois  to  me  that  this  discussion,  though  in  fact  I 
have  hardly  g^ivcn  the  matter  suflidenl  attention,  yet  the  discussion 
is  one  which  has  convinced  me  that  there  arc  some  ver>'  admirahle 
features  in  this  hilL  I  am  not  ready  to  say  that  I  would  not  be  in  favor 
of  it.  1  think  our  Secretary  has  presented  bome  verv'  strong  reasons 
w*hy  such  a  hill  shouhl  1>e  passed,  and  the  facts  which  have  been  brought 
out  that  the  great  professions  like  the  law,  and  medicine,  have  to 
attain  a  certain  standing,  and  have  to  have  a  certain  legal  status  before 
they  can  practice,  in  my  opinion,  renders  such  professions  of  greater 
dignity,  and  I  can  readily  see  how  they  would  benefit  from  such 
state  action.  We,  on  the  other  hand,  lose  a  great  deal,  1  am  convinced, 
from  our  present  situation  as  a  profession. 

In  reference  to  what  Mr.  Bunce  said  as  to  college  graduates,  or 
members  of  societies  which  are  advanced  in  the  profession,  that  under 
this  hill  it  would  simpK  be  a  demand  to  pay  five  dollars  for  an  exam- 
ination,— let  me  say  that  I  think  that  is  proper.  A  party  that  has  not 
passed  a  thorough  examination  to  get  his  certificate  could  very  well 
afford  to  pay  twenty-five  dollars.  An  examination  certainly  will  not 
hurt  any  competent  man.     I  think  it  is  proper. 

I  think  there  are  some  admirable  features  in  this  proposed  bill,  and 
I  am  not  ready  to  vote  against  it. 
Mr.  Nichols:  Mr.  President,  I  do  not  say  that  I  am  either  opposed 
I  to  or  in  favor  of  the  bill,  but  I  think  instead  of  putting  it  to  vote  and 
having  it  declared  that  we  are  not  in  favor  of  the  bill,  the  time  ought 
to  be  devoted  to  a  thorough  discussion  of  its  details.  More  than  that, 
we  ought  to  hear  the  reasons  for  it.  So  far,  1  have  not  heard  very 
much  said  of  the  necessity  for  any  such  bill.  1  hope  there  will  be 
further  discussion. 

I  would  like  to  ask  one  question  in  regard  to  the  bill,  and  that  is,  what 
.particular  benefit  is  it  going  to  be  to  us  as  engineers?     .\nd  whether  it 
'  gives  any  more  protection  in  suits  for  damage  than  we  have  at  present. 
The  President:     Mr  Secretary,  could  you  answer  that  question? 
Secret.vry  ]acksos  :     I  do  not  know  as  it  would,     I  do  not  know  very 
much  about  the  bill  further  than,  as  I  say,  it  is  framed  on  about  what 
the  other  societies  have  been  working  on,  and  the  conclusions  they  have 
I  reached,     I    expected   to   get   quite   a   little    information    from   the  con- 
tinuance of  the  discussion,  and  it  is  just  such  little  points  as  that  that 
we  ought  to  be  informed  upon.     I  do  not  think  it  would  have  any  par- 
ticular effect  in  the  case  Mr.  Nichols  has  brought  up.     In  fact,  we  do 
not    know    how   a    bill    of    this    kind    would    work    in    practice.       It    ts 
experimental     We  have  no  precedent  to  go  by.  and  we  do  not  know  just 
.  what  it  would  do.    There  arc  probably  a  lot  of  errors  in  this  bill,  and  it 
Imay  be  that  it  might  not  be  l>est  to  have  it  passed  at  this  time,  but  in 
Ftaking  the  matter  up  you  are  in  line  with  the  thought  of  a  number  of 
I  engineers  in  other  states.     While  it  may  not  be  best  to  take  action  this 
|jrear,  or  possibly  not  next  year,  or  the  year  after,  I  think  before  very 
nany  years  have  gone  by.  you  will  see  that  some  such  form  of  legis- 
ation  as  this  will  be  enacted  by  a  majority  of  the  states;  you  are  simply 
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plowing  the  ground  at  this  time,  and  getting  yoorselves  in  sacii  a  posi- 
tion that  you  can  intelligently  discuss  the  matter,  and  I  am  sure  it  will 
not  be  long  before  we  will  all  feel  that  in  taking  it  up  we  have  been 
doing  a  little  good. 

Mr.  Kellogg  :  Just  to  help  Mr.  Jackson,  I  want  to  say  that  this  matter 
is  purely  tentative.  It  has  been  brought  up  simpty  to  give  an  opportonsty 
for  discussion.    He  has  put  a  whole  lot  of  work  into  the  present  bilL 

Ms.  Grand  all:  I  feel,  being  a  member  of  the  Board  of  Directioii, 
and  also  a  member  of  this  committee,  which  is  sttpposed  to  be  taken 
to  be  the  father  of  this  bill,  that  I  ought  to  take  a  little  exception  to 
some  of  the  remarks  that  Mr.  Jackson  has  made.  I  think  it  was  stated 
that  the  Board  of  Direction  had  thought  best  to  bring  this  matter  up  at 
this  time  and  to  have  it  presented  to  the  legislature,  and  that  the  Society 
should  either  approve  or  disapprove  of  what  has  been  done.  At  the 
meeting  of  the  Board  of  Direction  this  matter  was  brought  tip.  I,  for 
one,  had  never  heard  of  the  matter  being  discussed  before,  but  in  talking 
it  over  that  day  we  decided  that  the  Board  of  Direction  ought  not  to 
go  ahead  with  anything  in  the  matter,  but  that  it  would  be  perfectly 
proper  for  us  to  appoint  a  committee  to  work  on  the  bill,  and  that  the 
bill  be  presented  to  the  Society  for  discussion.  I  must  say  that  I  was 
ver>'  much  surprised  this  morning  when  I  found  that  the  bill  had  gone 
into  the  legislature.  That  was  a  matter  that  I  brought  up  at  the  time 
of  the  meeting, — ^that  I  did  not  think  we  ought  to  go  ahead  with  any- 
thing of  the  kind  in  the  name  of  the  Society  until  the  Society  had  amply 
discussed  it,  and  my  understanding  of  the  matter  at  that  time  was  that 
this  would  be  brought  up  at  this  meeting,  and  the  Society  given  ample 
time,  not  in  one  meeting  alone,  but  several  if  necessary,  to  discuss  this 
before  it  was  brought  up  for  passage.  So  when  Mr.  Jackson  says  that 
the  Board  of  Direction  has  taken  it  before  the  legislature,  it  seems  as 
though  it  was  hardly  correct,  because  it  was  not  my  understanding  that 
the  Board  of  Direction  would  do  that.  That  was  not  the  understanding 
that  I  had  when  I  was  present  at  the  meeting.  Of  course,  as  I  said 
before,  1  was  not  present  at  the  one  and  only  meeting  that  this  com- 
mittee has  had,  though,  of  course,  the  majority  of  the  committee  may 
have  been  there.  I  was  very  much  surprised  that  anything  of  the  kind 
had  been  done. 

Mr.  Belden  :  Was  the  committee  authorized  by  the  Board  of 
Direction  to  liave  such  a  matter  as  this  put  before  the  legislature — such 
a  bill?  Was  that  done  by  the  Board  of  Direction?  By  whose  authority 
was  this  bill  put  in  the  hands  of  the  legislative  conunittee  before  which 
it  is  pending? 

The  President:  I  would  say  that  the  Board  of  Direction  left  it 
entirely  in  the  hands  of  the  committee. 

Secret.\ry  Jackson  :  Yes,  it  was  left  in  the  hands  of  the  committee. 
As  Mr.  Crandall  says,  the  Board  of  Direction  authorized  this  bill  printed, 
etc.  Of  course,  Mr.  Crandall  should  be  more  familiar  with  it  than  I, 
being  a  member  of  the  committee.  I  was  not  sure  whether  the  bill  had 
gone  before  the  committee  or  not.     As  I  understand  it,  the  reason  the 
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bill  was  put  in  was  that  the  last  day  had  arrived  upon  which  new 
business  of  this  kind  could  be  presented  to  the  legislature,  and  if  the 
bill  was  to  be  presented  at  all,  it  would  have  to  be  then.  It  could  do 
no  harm  if  the  Society  should  instruct  the  committee  to  go  ahead;  they 
could  then  do  so  without  having  to  wait  two  years.  On  the  other  hand, 
if  it  was  not  the  desire  of  the  Society  that  anything  should  be  done,  it 
was  not  expected  there-  would  be  any  trouble  in  dropping  it.  It  was  left 
with  the  committee  with  power  to  act.  I  do  not  think  that  there  is 
anything  for  anybody  to  get  alarmed  about.  The  bill  is  up  there,  and  if 
there  is  nothing  done  it  will  be  pigeon-holed.  There  arc  a  hundred 
other  bilb  up  there  that  will  meet  with  the  same  fate.  As  for  being 
alarmed  over  it,  I  do  not  think  there  is  any  reason  for  it  whatever* 

Mr.  Ford:  I  am  sorry  that  I  am  not  as  well  read  on  this  particular 
subject  as  Mr.  Jackson  is.  I  have  not  read  it  carefully  at  all.  but  I 
would  like  to  have  the  Society  express  to  Mr.  Jackson  and  others,  its 
appreciation  for  the  large  amount  of  work  that  they  have  put  in  in 
drawing  up  this  proposed  bill,  as  a  slight  recognition  for  their  services. 
Even  if  nothing  is  done  in  favor  of  pushing  the  bill,  it  seems  to  me  that 
this  discussion  has  been  well  w*orth  while. 

One  of  the  arguments  of  Mr  Jackson  is  a  very  strong  reason  against 
its  passage.  He  says  that  several  of  the  states  have  had  these  bills 
under  discussion  for  several  years,  but,  if  I  understand  him  correctly, 
there  has  been  no  bill  passed  by  any  of  these  states.  Apparently,  they 
have  been  talking  about  it  for  twenty  years  or  so,  but  they  have  no  such 
bill  in  operation.  I  think  that  is  a  pointer  for  us;  it  aflFords  a  basis 
upon  which  the  Connecticut  Society  should  act.  I  would  not  care  to  be 
a  member  of  the  pioneer  society  in  a  matter  of  so  much  importance.  I 
think  it  is  well  to  discuss  it,  but  before  we  adopt  it,  I  think  it  would  be 
equally  well  to  wait  and  see  how^  it  works  in  some  of  these  other  places 
where  they  have  discussed  it  much  more  than  we  have.  The  state  of 
Massachusetts  is  one  of  the  most  progressive  states  in  the  Union.  There 
are  no  more  commissions  in  any  state  in  America,  or  in  any  other 
country,  in  my  opinion,  than  there  are  for  various  purposes  in  the  state 
of  Massachusetts.  They  seem  to  be  in  the  habit  up  there  of  trying 
every  ncw^  thing  that  comes  along.  I  think  it  would  be  eminently  safe 
for  this  Society  to  wait  a  little  while  until  some  other  state  like  Massa- 
chusetts or  Ohio,  as  Mr  Jackson  says,  passes  one  of  these  bills.  Let  us 
wait  and  see  how  it  operates.  If  I  under<^tand,  the  main  object  of  this 
bill  is  not  only  to  protect  the  engineer,  but  to  protect  the  client  of  the 
engineer-  Ever>^  man  in  this  business  knows  that  if  he  is  hired  by  a 
client,  and  docs  not  satisfy  his  chent,  he  will  soon  be  driving  an  express 
wagon,  or  w^orking  with  a  pick  and  shovel,  or  at  something  besides  engi- 
neering, I  think  that  every  man  here  knows  that  whether  we  have  any 
such  law  or  not,  if  he  is  to  maintain  his  place  in  the  profession,  he  must 
satisfy  his  client,  and  I  think  that  ever>'  man  in  this  room  is  able  to  take 
care  of  him.self.  It  seems  to  me  that  this  proposed  bill  will  protect  the 
other  fellow,  and  we  are  not  getting  anything  in  return  As  has  well 
been  staled  by  Mr.  De  Peyster,  I  can  go  into  a  barber  shop  and  I  sec  a 
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card  hanging  up  on  the  wall  to  the  effect  that  the  barber  has  passed  ac 
examination,  but  if  I  am  not  satisfied  with  the  shave  I  get  I  am  goin^  to 
go  >ome where  else.  I  am  going  to  get  a  shave  where  the  proprieton 
keep  ever>thing  clean  and  sweet,  and  do  their  work  in  good  shape,  no 
matter  vvhether  they  have  passed  an  examination  and  have  a  card  or  not 

It  I*  just  so  with  our  profession.  It  is  for  our  own  interest  to  give 
our  clients  satis factor>-  service.  When  I  die  I  do  not  expect  to  be  given 
any  better  burial  simply  because  we  have  an  embalmers*  conunission  at 
the  >tate  capitol.  My  friends  and  the  undertakers  will  take  care  of 
that.  If  I  have  enough  money  to  give  me  a  iirst-class  burial  my  friends 
uill  take  care  of  me.  The  purpose  of  the  bills  creating  all  of  these 
c.mmi^-i.ins  is  simply  to  protect  the  public,  but  we  know  that  we  have 
to  protect  those  who  patronize  us.  and  have  to  sdve  our  customers 
tsati-!"  faction  or  we  arc  not  going  to  get  business. 

It  'loc-i  wjI  make  any  difference  whether  we  have  a  bill  of  this  kind  or 
not.  -o  far  as  that  is  ci>ncerned.  I  think  that  this  Societ>',  therefore. 
can  afford  to  go  slow  with  this  bill  So  far  as  I  am  concerned,  I  shall 
vute  against  it.  I  am  in  favor  of  Mr.  Hill's  motion,  instructing  the 
legi-^lative  committee,  if  we  have  one.  to  withdraw  that  bill  in  the  name 
of  the  Connecticut  Society  of  Civil  Engineers. 

The  Presidfxt:  It  has  been  moved  and  seconded  that  the  bill  as 
presented  be  withdrawn. 

Mr.  BrsH  :  Mr.  President.  I  think  we  are  doing  Mr.  Brinsmade  a 
discourte-y  in  assuming  that  he  has  put  the  bill  in  through  Dr.  Luther. 
in  the  name  of  the  Societv-.  Mr.  Brinsmade  did  no  such  thing.  We 
can  pa-i^  a  resolution  that  it  is  the  sen>e  of  this  meeting,  or  the  opinion 
«  f  the  Connecticut  S«>ciety  of  Civil  Engineers  that  the  bill  should  not 
pas-,  fiiit  I  d'»  n'^t  think  that  we  ought  to  instruct  anybody  to  withdraw 
a  bill  that  the  Society  ha-  n-'t  put  in.  If  I  understand  that  motion 
correctly,  it  onlers  the  Society  to  withdraw  the  bill.  I  do  not  know 
that  the  S«K*icty  has  any  bill  up  there,  or  that  we  have  any  power  to 
give  anyl.H.Hh  onler-  to  withdraw  it.  I  am  not  sure  that  we  can 
withdraw   it. 

Mr.  HEM>fcR.<4)N  :  That  leaves  the  bill  in  one  man's  hands.  If  he 
sees  nt  t.»  pa>N  it.  he  can  do  so.  .\ll  he  has  to  do  is  simply  to  go  up 
to  the  capind  and  l-^bhy  it  through.  No  question  about  that.  I  think 
the  Cv»niKCticut  S«.H:iety  «.>iight  to  have  something  to  say  about  it.  The 
l>ill  \va<  certainly  sent  i.uit  for  discussion,  and  for  action,  and  I  think 
wlnKvcr  put  it  before  the  legislature  should  be  governed  by  the  feeling 
oi  the  Society  in  revjurd  to  it. 

Skirkiakv  J.\vks*»n:  1  wvhiKI  say.  Mr.  President,  in  the  way  of  a 
^ujivicNiion.  \\h\  no:  rec«^rd  the  vote  of  the  Societv  as  adverse  to  any 
bill  (»t"  iliis  kind.  It  would  have  the  >anie  effect.  Putting  the  Society 
on  lecotd  a>  beinv;  ad\crse  to  the  bill  wouM  be  enough.  I  am  not 
making  tln>  a^  an  iniotuhnent.  but  merely  a  suggestion  along  that  line. 
h  Ml  Hill  would  amend  hi-  intuion  to  the  effect  that  the  Society  is 
adxeisv  u«  a  I»ill  ot  this  kind,  it  >cenis  to  me  that  would  do. 


PROCEEDINGS. 


189 


Mr.  Fori*:  Mr.  President,  1  would  like  to  ask  if  Mr  Brinsmadc  had 
any  authority  for  introtkicing  the  bill?  If  any  vole  was  passed  by  the 
Board  of  Direction  authorising  or  requesting  him  to  introduce  the  bill? 

Secretary  Jacksox  :    The  committee  that  was  appointed  w^s  given 
full  power    The  hill  was  left  with  them  with  full  authority  to  act;    to 
f  do  as  they  saw  til  in  the  matter. 

Mr.  Bush  :  Mr.  Brinsmade  did  nnt  introduce  the  bill  for  the  Society. 
He  took  llie  matter  up  by  correspi>ndence,  and  after  talking  with  Dr. 
Luther,  introduced  the  bill  because  he  was  in  fav^r  of  legislation  of 
_  some  such  char.icter*  but  Mr,  Brinsmade  did  not  represent  the  Society  in 
any  official  capacity  by  so  doing.  He  was  not  instructed  by  the  Board 
f^of  Direction  to  introduce  such  a  bill  The  bill  is  uot  introduced  as  a 
bill  of  the  Connecticut  St>ciety  of  Civil  Engineers.  T  think  the  motion 
that  Mr  Hill  has  made  is  wrong,  Tt  ought  to  be  changed  in  some  way 
50  it  does  not  put  Mr.  Brinsmade  in  the  position  of  introducing  some- 
thing witJiout  the  backing  of  the  Society,     He  did  not  do  that 

Mr,   Bl'rt:     T  am  entirely  in  sympathy  with   what   Mr.   Bush  says  in 
the  matter     I   think  it  would  l>e  a   discourtesy  to   Mr   Brinsmade.     If 
that  idea,  that  this  Society  is  adverse  to  the  passage  of  such  a  bill  at  the 
\  present  time,  was  put  in  the  way  of  an  amendment,  I  should  lie  in  favor 
of  it. 
The  PnEStDEXT:     Is  there  any  amendment  offered? 
If  Mr.  Brinstnade  did  not  introduce  this  bill  on  tlie  part  of  the  Society, 
or  acting  in  behalf  of  the   Society.   I  do  not   see  how   the   Sfjciely  can 
have  the  bill  withdrawn.     If  it  was  not  introduced  by  the  instructions 
of  the  Society,  how*  can  the  Society  instruct  any  member  or  committee 
to  have  it  withdrawn? 

A  Member:  I  do  not  believe,  Mr  President,  that  it  can  be  with- 
drawn. Would  it  not  be  in  line  to  amend  the  motion  and  instruct  some 
officer  of  the  Society  to  appear  against  the  bill  when  the  bill  comes  up 
for  a  hearing? 

Mr.  De  Pkyster:  Mr  President,  if  Mr  Hill  will  put  his  motion  in 
this  way.  that  il  is  the  sense  of  the  Society  that  it  is  not  in  favor  of  the 
bill  and  that  it  is  the  sense  or  opinion  of  the  Society  that  the  bill  should 
be  withdrawn,  and  the  second  would  allow  that  change  in  the  motion,  I 
think  that  would  go  all  right,  and  cover  the  ground  that  Mr  Hill  wants 
to  be  covered, 

Mr.  Hill:  I  will  accept  that  amendment.  I  did  not  intend  any 
discourtesy  to  Mr  Brinsmade  or  anybody  else,  and  it  hardly  seems  as  if 
what  I  said  could  be  taken  in  that  sense.  1  certainly  would  not  intend 
anything  of  the  kind  with  reference  to  Mr  Brinsmade,  as  be  is  a  per* 
sonal  friend  of  mine.  My  impression  was  that  the  bill  had  been  sent 
to  the  legislature  and  was  before  a  committee.  It  seemed  to  me  that 
nnless  this  Society  wished  to  go  on  record  as  favoring  it,  thai  they 
should  have  it  withdrawn  in  some  way,  or  at  least  make  it  knowm  to 
the  committee  that  the  Societ>*  did  not  wish  it  passed,  I  wilt  accept 
the  amendment  of  the  gentleman,  that  it  is  the  sense  of  this  meeting 
that  the  Society  is  opposed  to  the  bill  and  wishes  to  have  it  withdrawn. 
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MaL  Ccmsos :  That  ongfat  to  be  carried.  I  am  heanihr  in  favor  of 
'JDt  :-5ea.  z-i  n:akicg  it  kii«>wii  that  the  scntimein  of  the  Sodetj  is  ooc  in 
fiTSK  ci  ihis  biU.  and  I  think  that  a  memorandnm  or  record  of  dns 

5<:!ii:i^*e=i  c-oght  to  be  pbced  in  miitiug  or  persooalhr  before  the  senator 
2^2  ibt  oc-ciniitiee  having  this  matter  in  diargc. 

Thz  p2Xs:i£3kT:  Hew  mill  you  make  the  amendmcm  to  the  original 
=>::i:^  zs  iz  stands?    That  the  bill  be  withdrawn? 

A  yiinESx:  The  only  thing  I  am  afraid  of.  Mr.  President,  is  that 
«v«n  lix'isgh  we  arc  opposed  to  this  bilL  that  we  cannot  withdraw  it 
I  pre>:z=:<  j^gdihr  we  cannot  withdraw  it.  bat  we  can.  at  least,  have  an 
-?x?res*:-:c:  of  oar  views  brought  in  some  way  before  the  committee,  so 
z'z^i  z'r.ty  w:ii  see  that  we  do  not  endorse  it.  and  are  opposed  to  it. 

ili  ?AL5fEa:  How  w.^cld  it  dc  to  have  Mr.  HilTs  amendment  or 
ris  r:>c:or.  amended  ir.  this  way:  rha:  the  o&cers  of  this  Society  be 
'.nszn-cz-**!  :o  appear  a:  :he  iegi^Iatnre  and  oppose  the  biU  that  is  offered? 

The  PsjEsti-ELNT:  I  shotild  hardh"  :hrnk  that  that  woold  be  necessary. 
I:  has  n-::  got  quite  as  far  as  -lat. 

.\  ME3CS£a:  The  bill  having  been  iatrodnced.  I  think  all  too  can  do 
with  ::  to  prevent  its  passage  is  to  have  it  rejected. 

Ma  Bv2t:  I  thick  it  woold  be  better,  and  wonld  create  a  better 
feiiirc  all  around  if  it  cocid  be  withdrawn.  I  think  yon  can  arrange 
s*:  thit  the  MI!  can  be  withdrawn. 

Th£  pEifii-EX t  :  Th^:re  is  still  only  one  motion  before  yon  which  can 
be  an^tnde'i. 

Ma.  De  ?EY5T£St:  What  objection  :s  there.  Mr.  President^  to  passing 
:hit  :::o:!o~.  :f  we  C2,r..  2r.<i  then  let  s«?mebod>-  pnt  another  motion. 
2.":\ir.i  '.'r.-t  itrcers  -. :•  ?u:  ir.  '.\Ti'.ir,z  the  objections  that  the  Society 
hive  :.   :h^  ■?:II  is  :r.:r >:uce'i.  a::i  asking  permission  to  n-ithdraw  it? 

Th£  ?:<r.>:L^Nr :  That  :nay  .:•:,  if  that  is  the  sense  of  the  meeting.  I 
•*:I1  pu:  :*.:e  nicti-jr.  is  :t  stin-is.  The  ntoaon  as  made  is  that  the  bill 
-e  -.vithi-aur..  as  ::  •?  igiir.?:  :he  «::»:nion  of  the  Society  at  this  time 
:o  hive  ::  :  as>evi.  I  will  tut  th:s  n-.otion,  and  then  another  can  be  acted 
up.:-. 

Ma.  K=j_ix». :  I  object  :o  that,  Mr  President.  I  do  not  understand 
that  that  \va<  the  way  the  matter  Jt'."H>i 

Mr.  ti:i.i;  I  accepted  the  aniendment  which  qualified  the  original 
mot:o" 

Ms.  Pi  Fsv^r-x:  I  li-l  rot  •■'tfer  an  amendraenL  I  suggested  that 
Mr  Hiii  make  h:>  motion  in  this  way:  that  the  Societ>*  is  opposed  to  the 
passage  of  that  bill,  and  that  it  is  the  sense  of  the  Society  that  the  bill 
>hoi:Id  x^  \v;th.irawn.  That  is  the  way  I  put  iL  Mr.  Hill  accepted  that, 
a>  I  i:nJcr>t*.x.Hl  it.  an-.!  n^ad^  :t  his  own  motion,  and  that  is  the  motion 
that  t-i  -vrV^ri.-  the  hoi>e.  and  Mr.  rt-I!  asks  ji^u  to  put  the  motion  in  that 
way.  as  I  iizxlorstund  it 

iHr  PRtsiivNt:  I  think  that  makes  it  clear;  that  Mr.  Hill  accepts 
tho  n^»ti.M'  .i<  stated  by  Mr  Oe  Peyster.  That  motion  has  been 
^ccxMidcvl  .\>  nMny  a<  are  m  favor  of  the  motion  as  stated  by  Mr. 
IV  FVvxtor  MMintc^t  ic  b>  >.iyin^  "uye."  Contrary  minds,  **no."  It  is  a 
vuiannnor.N  \v»to. 
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Now,  IS  there  any  further  niiscellaneous  business? 
Mr.  Bunce:     Before  you  announce  the  report  of  the  tellers  on  the 
tion  of  officers  for  the  next  year,  I  desire  to  offer  a  motion,  and  it 
is   in   recognition   of  the  very  valuable  and   arduous    services   of   our 
Sec  re  tar)' 'Treasurer,  not  only  in  the  preparation  of  this  bill,  but  in  the 
other  work,  ini^olving  a  great  deal  of  detail  and  minutiae,  which  he  is 
called  upon  to  perform  during  the  year,  and  in  order  that  it  may  come 
strictly  within  the  legal  element  of  not  raising  a  man's  salary  after  he  is 
elected,  I  move  you,  sir,  now,  that  the  salary  of  the  Secretary-Treasurer 
^^of  this  Society  be  fixed  at  $150.00  3  year. 
^H    A  Member:     Mr  President,  I  heartily  second  that  motion. 
^"     The  President  :    Gentlemen,  you  hear  the  motion  of  Mr  Bunce.    Are 
there  any  remarks?     It  is  moved  and  seconded  that  the  salao*  of  the 
Secretary -Treasurer  of  this  Society  be  $150.00  a  year,  beginning  with 
the  next  year.     Are  you  ready  for  the  question?     As  many  as  arc  in 
favor  of   this  motion  will   say  **aye/*      Contrary  minds,   "no/'       It   is 
carried  unanimously. 

If  there  is  no  miscellaneous  business.  I  think  the  tellers  are  ready  to 
report.     Mr.  Olmsted,  have  you  the  report  of  the  tellers? 

Mr.  Olmsted  then  read  the  following  announcement  of  the  vote : 

Whole  numUer  of  votes  cast 102 

Of  which,  for  President,  Mr  D.  S,  Brinsmadc  has     102 
For  First  Vice  President,   Mr.  Edward  W.  Bush 

has loi 

For    Second    Vice    President,    Mr,    Frederick    J. 

Easterbrook  has 6t 

and  Mr  Francis  H.  Oldershaw 22 

the  whole  number  of  votes  cast  for  First  and  Second 

being *  * 83 

For  Secretary-Treasurer,  100  votes  cast,  two  blank, 

of  which  J.  Frederick  Jackson  has 100 

The  choice  for  members  of  the  Board  of  Direction  is  as  follows: 

Henry  J.  Kellogg 49 

Charles  R  Chase 36 

Paul  Nash 7 

In  your  choice  for  mcmhers  of  the  Board  of  Direction,  there  were  a 

targe  number  of  ballots  on  which  there  were  four  members  voted  for» 

so   that   the   ballots   had   to   be   thrown   out.      There   were   thirty-nine 

rejected  for  that  reason,  so  it  would  be  well  to  have  in  mind  not  to 

[vote  for  more  than  two  members  on  that  board. 

The  Presiden^t:  Gentlemeut  you  have  heard  the  report  of  the  tellers. 
[l  would  state  that  the  constitution  provides  that  a  phtrahty  of  votes 
Ishall  elect.  I  would,  therefore,  declare  that  Mr  D.  S,  Brinsmade  has 
[been  elected  President.  I^fr  E.  W,  Bush,  First  Vice  President;  Mr.  F. 
I  J.    Easterbrook,    Second    Vice    President;     Mr.   J.    Frederick   Jackson, 
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Secrt'iary-Trea'iurer.  and  Mr.  Hcnn-  J.  Kellogg  and  Giarles  F.  Chase 
ru^mhcr>'  of  the  Board  of  Direction. 

Mr.  Kei.uk :<; :  Mr.  President.  I  move  that  the  Secretan-  be  instmaed 
to  send  a  telef^ram  to  Mr.  Brinsmade.  informing  him  of  his  election. 

M«»tit»n  >ea)nded. 

The  Pre.<ii>ext:  Gentlemen,  it  is  moved  and  seconded  that  the  Secre- 
tary W  instructed  to  send  a  telegram  to  Mr.  Brinsmade.  informing  him 
•>i  liis  election.  .Ml  those  in  favor  will  say  "aye."  Conirar\-  mind^. 
"no."    The  motion  is  passed. 

I  \v»»uld  say  that  this  program  announces  an  address  of  welcome  by 
Mayor  Henney.  but  owing  to  other  engagements  which  the  Mayor  was 
«.  Mipcd  to  attend,  he  could  not  be  here  this  morning.  He  has  promised 
U'  ?'e  with  U'i  at  iiur  lunch,  however,  ami  also,  it  i-i  hoped,  will  bo  with 
u-  thi^  eveninj?.  that  i<.  for  at  least  a  part  of  the  time.  I  understand 
that  he  has  two  otlier  dinner  engagements  Inrfore  he  gets  to  us.  but  we 
will  try  to  gi\e  him  s<^mething  in  the  way  of  a  third  one.  Mr.  Clark 
is  distributing  the  tickets  for  the  lunch,  and  we  expect  that  all  of  the 
men  who  are  here  will  sit  down  with  us.  If  there  is  no  further  bu^ine55 
;l  nuuion  i«>  adjourn  is  in  order. 

.Mr.  Kei.i.o»h,  :  I  move  that  we  adjourn  until  the  time  stated  on  our 
I»rograni  for  our  afternoon  >e>sion. 

Motion  scconde<l  and  passed,  and  the  meeting  declared  adjourned 
until  ,^  \\  M. 

AFTERXCX)N  SESSION. 

The  ciMiventit>n  was  called  to  order  at  3  P.  .M..  President  Charles  F. 
Ci!a>e  in  the  chair. 

The  F*KKsiitENr:  Gentlemen,  it  vrives  me  great  pleasure  to  introduce 
to  you  the  speaker  oi  the  atternoMn,  Mr.  Lewis  M.  Haupt,  Consulting 
ICnjrineer.  •»!  Philadelphia.  Pennsylvania,  who  will  address  you  on 
**l''j'Ochs  »>f  'rran>|*.ortation." 

Mr.   Haupt*<  paper  i>  printe<l  on  page  ni. 

Piscu<>iou  will  be  iinnid  >n\  page  IJ7. 

Thk  pKF>[i>KNr:  N\»w.  gentlemen,  if  you  have  any  questions  to  ask. 
I  am  Niire  .Mr.  Uaupi  will  be  very  glad  to  answer  them. 

rut    Pkesu'ENt:    It    there  are   no    further  remarks,  you  have  heard 
.Mr    KelU\x:v:*N  nu'tivMi.  thai  thi>  matter  l>c  taken  up  to-morrow  morning. 
1    behexe  the  inoiiiMi   wa-^  seconded.      .\re  you  ready  for  the  question? 
\;1  in  tavnr  sa\   *'a\e."     Coiurar\   minded,  "no."     It  is  a  vote. 

I  am  Mire  we  are  all  ver\  grateful  to  Mr.  Haupt  for  this  ver>'  interest- 
iii>^  talk.  It  i^  a  g«.HHl  sul^ject.  and  -mght  to  interest  every  engineer  in 
the  >tate. 

.^h<  KM  \KN  J  xrKsoN  :  1  thi?ik  i:  is  nn^per  that  the  society  extend  a  vote 
.M  thank-^  i«^  Mr.  Haiiju  to  -h^vv  that  we  have  all  been  interested  and 
enjoxed  ii  \er\  much,  and  1  move  you  that  the  society  extend  to  Mr. 
Il.iiipt    .1    vtue   ^^^    \\uiuk^    ior   \^{y   kinducss   in   coming  before   us   this 

.it'll"!  UOiM! 

\b»li.iii    >ee'»nvled   .'iid   c;irried 
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Mr.  Haupt:    Gentlemen,  1  am  very  much  obliged  to  you. 

The  President:  We  have  one  more  paper  down  on  the  program  for 
this  afternoon,  by  Mr.  John  F.  Trumbull,  who  will  give  us  his  paper  on 
**The  New  Haven  Cut." 

Mr.  Trumbull's  paper  is  printed  on  page  62, 

Discussion  will  be  found  on  page  128. 

Mr.  Kellogg:  I  move  that  we  adjourn  until  ihc  time  specified 
tomorrow  morning. 

Secretary  Jackson  :  Mr.  President,  before  we  adjourn,  I  move  that  a 
vote  of  thanks  be  extended  to  Mr.  Trumbull  for  his  kindness  in  giving 
US  this  paper. 

Motion  seconded  and  carried. 

The  President:    There  is  a  motion  to  adjourn.     Is  it  seconded? 

Motion  seconded. 

The  President:  Motion  is  carried  and  the  meeting  stands  adjourned 
until  to-morrow  morning  at  nine  o'clock. 


MORNING  SESSION— WEDNESDAY. 

Convention  called  to  order  at  9,20  a,  St.,  President  Charles  F.  Chase 
in  the  chair. 

The  PRESfDENT:    Gentlemen,  come  to  order,  please,  for  our  mornmg 

session.     At  the  end  of  our  meeting  yesterday  afternoon  a  matter  in 

'  connection  with  Mr.  Haupt*s  paper  was  put  over  until  to-day.     I  should 

say  that  the  present  would  be  the  time  to  take  it  up,  and  dispose  of  it 

in  one  way  or  another    A  motion  concerning  it  is  in  order, 

Mr.  Kellogg:  Mr,  President*  I  move  you,  that  the  President  appoint 
a  committee  of  three  to  whom  this  matter  shall  be  referred  for  fttture 
action.  I  do  not  think  we  are  prepared  now  to  proceed  to  a  discussion, 
except  a  discussion  under  this  motion,  or  to  take  the  matter  up  in  detail. 

Mr.  Bunce:  Mr.  President,  I  would  like  to  inquire  of  Mr.  Kellogg 
just  what  he  means  by  that  motion,  I  wish  he  would  state  a  httle  more 
fully  just  what  the  purport  of  this  resoltttion  is.  I  did  not  quite  gather 
it.  I  did  not  carry  it  in  my  mind  from  yesterday.  I  would  like  a  little 
further  information  about  it  before  the  motion  is  put  to  a  vote. 

The  PREsmENT:  Will  Mn  Kellogg  speak  a  little  more  in  regard  to  the 
exact  matter? 

Mr.  Kellogg:  1  know  ver>^  little  about  it,  Mr.  President.  Before  I 
made  the  remarks  that  I  did  yesterday  afternoon*  I  had  had  an  oppor- 
tunity to  glance  over  a  tj'pewritten  copy,  and  the  purport  of  it,  as  I 
gathered  it,  was  that  a  resolution  or  something  on  the  line  of  what  is 
contained  in  this  paper  should  he  passed.  I  can  read  this  if  you  like, 
Mr  President, 

The  Presidekt:  If  you  please.  I  think  it  would  be  a  good  thing  to 
[•read  it  for  the  information  of  the  members. 

Mr,  Kellogg  reads: — 

Whereas,  the  growth  of  traffic  in  the  Unitec!  States  has  far  exceeded 
that  of  the  population,  and  of  the  railroad  mileage,  and  has  resulted  in 
congestion,  waste  and  great  suffering  and   delays  to  the  citizens; 
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And  whereas,  the  attempt  on  the  part  of  the  railroads  to  carry  raw 
materials  and  fuel  to  provide  for  the  rapidly  growing  industries  o£  the 
country  has  overtaxed  their  capacity  and  resulted  in  the  engorgemcn: 
and  restraint  of  manufactures  with  additional  cost  for  distribution; 

Whereas,  the  waterways  have  not  kept  pace  with  the  demands  o£  com- 
merce and  cannot  do  so  when  dependent  upon  national  appropriation^ 
from  the  public  treasur>'  and  the  approval  of  plans  and  superx-ision  from 
a  central  authority  covering  the  entire  national  domain  and  the  insular 
possessions ; 

Whereas,  the  policy  of  local  initiative  and  control  is  recognized  as  best 
for  the  Imilding  up  of  the  domestic  commerce  of  all  s>'Stems  of  trans- 
portation, waterways,  as  well  as  the  common  roads  and  railways,  a? 
being  the  quicke^t,  most  economical  and  safest: 

Whereas,  great  delays  arc  inevitable  in  securing  legislation  from  the 
government  wlicre  there  are  so  many  conflicting  interests  securing:  apprc*- 
priations,  thus  restraining  the  development  of  the  cheapest  modes  of 
communication   for  generations ; 

It  is  therefore  resolved: 

Tliat  the  antebellum  policy  of  encouraging  states,  municipalities,  cor- 
porations, or  private  parties  to  make  improvements  at  their  own  cost  and 
risk,  for  the  purpose  of  relieving  their  localities  and  providing  relief 
where  there  are  opportunities  for  commercial  development,  should  be 
encouraged  by  the  passage  of  general  legislation  restoring  these  rights 
to  the  states  and  other  parties  with  the  right  to  charge  tolls  on  tonnage 
thus  crcate<l  for  a  limited  term  of  years." 

All  the  opportunity  I  had  yesterday  afternoon  was  to  read  that  over 
an<l  tht-n  j^et  u\)  and  say  something  on  the  spur  of  the  moment,  which 
I  did  at  tliat  time.  1  consider  it  rather  complimentary  to  Mr.  Haupt 
to  take  notice  of  the  suggestions  which  he  has  offered  in  this  way. .  I 
think  I  can  say  that  you  would  hardly  want  now  to  start  in  and  discuss 
this  matter,  without  having  given  it  any  thought.  I  feel  that  way  myself. 
I  (K)  n(»t  know  how  it  is  with  the  others.  It  is  the  first  time  I  have  ever 
thouglit  of  any  such  thing,  or  ever  heard  of  such  a  thing.  There  arc 
only  a  few  of  us  around  here  that  keep  any  track  of  such  things.  There 
has  not  been  much  in  this  state  to  call  our  attention  to  such  a  matter  as 
that.  We  have  not.  in  this  state,  any  canals  that  amount  to  anything. 
and  no  particular  reason  that  I  can  see  for  building  any.  Other  states, 
however,  are  a  good  deal  wor^e  off  in  that  respect  than  Connecticut. 
It  ij,  well  enough,  however,  to  have  this  subject  for  discussion  later,  and 
it  is  perhaps  better  to  have  the  matter  put  in  form  for  us  by  a  committee. 
I  think  it  i<  a  matter  that  should  be  referred  to  a  committee,  and  let 
them  give  it  some  thought,  and  make  a  report.  I  think  it  would  be 
a  good  subject  for  us  to  discuss  at  some  other  meeting.  Such  a  dis- 
cussion will  be  instructive  and  educational,  and  it  would  be  a  good  thing 
to  have  it  considered. 

Mr.  IUnck:  The  reason  that  I  asked  Mr.  Kellogg  to  make  a  little 
fuller  statement  (^f  the  subject  was  to  see  how  far  the  matter  went.  Per- 
>onally,   f  see  no  objection  whatever  to  it.     If  it  went  further  than  it 
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does,  I  had  something  to  say  in  the  matter,  but  I  have  no  objection, 
personally,  to  it  as  put  forth  in  that  paper. 

Mr.  Hill  :  This  may  prove  to  be  a  matter  of  considerable  importance. 
At  any  rate,  it  is  a  matter  that  requires  considerable  attention,  but  to 
have  a  special  committee  appointed,  study  it  out  and  then  make  a  report 
to  the  society,  it  seems  to  me  would  take  longer  than  necessary.  I  would 
like  to  make  an  amendment  to  Brother  Kellogg's  motion,  that  the  whole 
matter  be  referred  to  the  Board  of  Direction  with  power  to  act.  They 
can  consider  the  matter  and  take  such  action  as  they  think  is  necessary. 

Mr.  Bunce:    I  will  second  that  amendment. 

The  President  :  Gentlemen,  Mr.  Hill  presents  an  amendment  that  the 
whole  matter  be  referred  to  the  Board  of  Direction.  Are  there  any 
remarks  upon  the  amendment? 

Mr.  Kellogg:  Mr.  President,  I  am  willing  to  accept  that  amendment. 
I  think  that  the  Board  of  Direction  can  act  as  a  committee.  It  does  not 
make  any  difference  whether  it  is  •referred  to  a  committee  or  referred 
to  the  Board  of  Direction.     I  will  accept  Mr.  Hill's  amendment. 

The  Presh)ENt:  Gentlemen,  Mr.  Kellogg  accepts  Mr.  Hill's  amend- 
ment. Are  you  ready  for  the  question?  The  motion  is  that  the  whole 
matter  be  referred  to  the  Board  of  Direction  with  power  to  act.  As 
many  as  are  in  favor  of  this  will  say  "aye."  Contrary  minded,  "no." 
The  motion  is  carried.  It  is  hardly  necessary  to  put  the  original  motion 
as  the  acceptance  of  Mr.  Hill's  amendment  made  one  motion  of  it. 

I  think  that  is  all  the  unfinished  business  that  we  have,  and  we  come  now 
to  the  paperS.  Gentlemen,  the  first  is  "The  Charter  Oak  Sewer  System, 
Method  of  Assessment,''  ])y  A.  B.  Alderson,  Town  Engineer  of  West 
Hartford. 

Mr.  Alderson's  paper  is  printed  on  page  i. 

Discussion  will  be  found  on  page  131. 

The  President:  Gentlemen,  have  you  any  further  discussion  of  Mr. 
Alderson's  paper?  If  not,  we  will  pass  on  to  the  next  one,  entitled 
"Description  of  Concrete  Curb  on  Park  Terrace,  Hartford,  Conn.,"  by 
Herbert  G.  Clark. 

Mr.  Clark's  paper  is  printed  on  page  7. 

Discussion  will  be  found  on  page  139. 

The  President  :  Gentlemen,  the  next  paper  on  the  program  is  one  by 
Mr.  C.  E.  Chandler  on  "Some  Engineering  P'eatures  of  the  Norwich 
Hospital  for  the  Insane."  I  think  Mr.  Chandler  has  not  arrived  as  yet,  so 
we  will  pass  on  to  "Transverse  Contours  for  Roadway  Pavements," 
by  Mr.  H.  H.  Gladding. 

I  am  sorry  to  say  Mr.  Gladding  is  sick,  and  unable  to  be  with  us, 
but  if  anyone  has  any  questions  to  ask  in  regard  to  his  paper,  we 
should  be  glad  to  have  them  brought  up. 

Mr.  Brown  :  Mr.  President,  I  do  not  know  that  I  can  ask  any 
intelligent  questions  on  the  matter,  or  bring  out  anything  of  advantage 
to  the  members  in  the  absence  of  Mr.  Gladding,  but  I  might  say  that  I 
am  very  much  interested  in  the  matters  presented  by  Mr.  Gladding,  who 
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s^t^m?  1-:  ha\c  arrived  at  a  \er>-  goc<l  coocliiiion  for  a  roadway,  and 
■Airke;  cut  laMes  for  nguring  the  street  pan?  and  inxitizi^  then:  c 
T'r.t  q-e?t:on  might  be  asked  in  regard  to  the  proper  amount,  zhii  is. 
:ha:  :he  c'jr\e  should  be  tipped  at  the  gutter,  whether  it  ^iK-uid  be  n::Kt 
or.  the  longitudinal  grade  than  on  the  :e\-cl  street  If  be  was  bert 
!  w^z-jld  like  to  bring  up  some  of  those  things. 

Ti'.z  PjL£<ii.f_nt  :  That  would  undoubtedly  be  a  ver>- ■interes-Ting  ^-j-a: 
:;  «::sc*-s-.  If  anyone  can  answer  ;he  question  that  has  been  proposwi 
w-  w:!I  :.e  e'ad  t-:»  hear  ::.  If  no:,  we  will  go  on  to  the  next  paper. 
.\h::h  if  i  J'aper  on  "The  Completion  and  (Operation  of  the  New  Haven 
\\":i:cr  Cor';pin>*>  Filter  Plant."  by  Charles  A.  Ferrj-.  of  Xcw  Haven. 
Mr.  Ferry's  piper  is  printed  on  page  jg. 
Discussion  will  be  f  jurid  ■  n  page  UJ. 

The  P.siZ^iiENT:    .Arc  there  tny  further  questions  or  discussion  iip^in 
Mr.  Ferr>-"-  ^-ajer? 

I-?   Pro  lessor  Tracy  rcrc.* 

Mr.  F.vrnam  :    Mr.  Pre-:. lent.  Professor  Trac>*  is  unable  to  be  present. 
and  he  has  askc-i  n:c  t  •  read  certain  pans  of  his  paper. 

The   Preside.nt:    Mr.   Fsnic-m  will   read  parts  of   Professor  Tracy"? 
paper.  ^ 

M-..  r.KR-v.vM:  I  regret  ver.-  much  that  Professor  Trac>-  is  not  here 
this  morning,  because  he  has  given  considerable  attention  to  this  suliject 
ot  errors  in  sighting  and  has  s;>ent  a  great  deal  of  time  in  planning 
e.xperiments.  in  reducing  his  data  to  results,  and  formulating  his  con- 
clusions. V'.u  wi'.I  notice  at  the  ■:-.ttom  of  page  2^  that  Professor  Tracj 
is  i:^:::nj:  th:s  dit:s.  un-.:  n:.-.tcr:al  together  to  be  used  in  a  textbook,  which 
::e  .ntcn  :-  :  •  r ■.•.".!:>!:  O:  c-.nrjc.  in  :;at  the  results  will  be  published 
in  :!:v   n^j^nn^r  :n  v\:-::h  :hvy  w^r-  -:■*  i;ii::ed. 

I   will  n-.t  rv.vd  .i".  •  :  the  :  ^--t'er.  especially  the  ngurcs,  but  will  re::d 
vtrt.i:n  t.ir:-  ■::'  it.  a-   I  ::::n<  will  -ievelop  the  points  which   Professor 
l'tuCv  -io-ires  :■:•  '  r:r-:  v-ii: 
Pri;  f.  Tr.iC>"s  pc^pvT  is  print.-i  -.n  pa-^e  3^. 
Disci:s>i;-n  will  >j  i.::ni  :r.  zi-Zz  145. 
I'sif    pKi>:LJNr:    Is  there   .iny    further  discussion? 
SFkKK7.vK\  j  \v■:<^l'^■ :    ^[^    President,  if  there  is  no  further  discussion 
on    Protc-sor    rrLic:.'-  papvir.  thtre   is  a  little  matter  here  that  I  would 
KKe  to  t;ikc  I!'.* 

Vhv   LVsilfn::    Mr.  Jackson  says  that  he  has  something  to  mention 

SKRbrxKv  Jvckso.v:  M-  Presiccnt.  I  suggest  that  as  it  is  apparent 
t'Mt  :!.o  st.^'^io;!  \\ir.  be  :^-.  V-.vied  into  the  afternoon,  that  after  the  next 
!Mpcr  wo  r.tko  .1  r-sCv.<>  ::  t>:rty  minutes,  and  then  come  back  and  finish 
v.»  lie  r»>:'!.i:n:ni:  V  ■'  ->  -  will  put  that  in  the  form  of  a  motion. 
.i!t!'»niv;'i    I   th'!'Vv  i:   •-   'Mr..:ly  necessary. 

I  :'.i\c  'wil  tM-  c.=!v:v.nnicatii'n  l:iid  upon  the  table.  It  is  a  request 
b>  o"v  .^t  r- 0  rn.n-bV's  ct  tbe  society,  through  the  President,  for  the 
a!M».vv:!«x":  -.»:  ,1  Cvvvrnrttee  to  prepare  a  paper  for  discussion  at  some 
tMtirv-  m.V!'^.  t!:c  -;i:xr  :o  be  upon  the  following  subject,  "The  Obli- 


PROCEEDINGS. 


197 


ation  of   the  Engineer  lo   the  Contractor,  Taken  in  Conneclioii   with 
I  His  Obligation  to  His  Employer,  not  only  as  regards  the  drawing  up 
of  contractSi  but  also  as  regards  the  equitable  interpretation  of  the  same/' 
This   is   something  which  can  probably  b«  taken  up  at  this  time  and 
disposed  of*    In  order  to  expedite  matters,  I  move  you,  Mr.  President, 
that  ik  committee  of  three  be  appointed  to  carry  out  this  recommendation. 
L       Mr,  Crawporp:    1  would  suggest,  Mr,  President,  that  Mn  Chase  be 
p  a  member  of  that  committee,  provided  the  motion  goes  through. 
The  President:   Is  the  motion  seconded? 
Motion  seconded. 
■     The  President:    The  motion  is  made  and  seconded  that  a  committee 
f  of  three  be  appointed.    How  is  that  committee  lo  be  appointed,  from  the 
floor  or  by  the  Chair? 

Secretary  Jackson  :    It  could  not  very  well  be  appointed  by  the  Chair 
if  the  President  is  to  be  a  memhen    I  guess  it  better  be  appointed  from 
the  floor.    I  will  mclude  that  in  the  motion. 
Motion  carried. 

Secretary  Jackson  :    Mr.   President,  I  move  you  that   Mr.  Chase  he 
one  member  of  that  committee. 
Motion  seconded  and  carried. 

Mr.  Burt:  I  would  nominate  Mr  Charles  A.  Ferr)-  as  another  mem- 
ber of  that  committee. 

Motion  seconded  and  carried, 

Mr.  Henderson  :  Mr.  President.  I  nominate  Mr.  Ford,  the  city 
engineer  of  Hartford. 

Mr.  Ford:  I  would  prefer  not  to  serve  on  that  committee.  I  would 
prefer  to  have  some  engineer  who  has  had  more  direct  experience  w4th 
the  subject  than  I  have.  I  would  like  to  offer  in  my  place  Mr.  A.  B, 
Hill,  of  New  Haven,  who  has  had  a  great  many  years'  experience  in  all 
kinds  of  work,  and  I  think  if  he  is  willing  to  serve  it  would  be  a  great 
advantage  to  the  society. 

Mr.  Hill:  I  especially  ask  to  be  excused.  I  think  nne  member  from 
one  office  is  enough.     You  have  Mr.  Ferry  from  our  office. 

The  President:  I  think  that  Mr.  Miirs  point  is  well  taken,  although 
I  have  no  doubt  that  Mr.  Ford  regrets  that  Mr.  Hill  is  perhaps  dis- 
qualified for  the  reason  given. 

Mr,  Burt:   I  would  nominate  Mr  Charles  H.  Bimce. 
Motion  seconded  and  carried. 

Secretary  Jackson  :  There  is  another  paper.  Mr.  President,  I  believe, 
to  take  up  before  we  adjourn. 

The  President:    We  had  yesterday  afternoon  a  paper  on  the  Xew 
Haven  cut  w^ork.    Wc  will  now  have  n  pnper  on  the  ^'Highway  Bridges 
of  the  New  Haven  Improvement."  by  Mr.  C.  L.  Slocum. 
Mr.  Slocum's  paper  is  printed  on  page  46. 
Discussion  will  be  found  on  page  146. 

The  President:    Is  there  any  further  discussion  of  this  question? 
Mr.  Nichols:    If  there  is  time  this  afternoon  for  the  disctissiun,  and 
is  the  will  of  the  societs^  that  it  shntdd  be  taken  up.  l  would  hke  to 
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bring  up  for  discussion  the  advisability  of  the  civil  engineers  establishing 
a  schedule,  or  iixed  minimum  charges.  I  would  like  to  bring  this  op 
this  afternoon  if  there  is  time. 

Mr.  Kellogg  :  Before  we  take  a  recess  I  would  like  to  make  a  motion 
that  we  give  a  vote  of  thanks  to  the  Committee  on  Arrangements  which 
has  conducted  affairs  here.  I  would  like  to  make  an  unparliamentary 
use  of  making  a  motion  just  to  say  that  the  committee  has,  in  my 
opinion,  and  I  guess  in  the  opinion  of  all  present,  done  admirably.  What 
the  members  have  done  is  particularly  appreciated  by  the  New  Haven 
men.  I  know  at  the  Garde  one  of  the  men  at  the  table  where  I  was  sit- 
ting spoke  up  and  said,  "Kellogg,  these  Hartford  men  have  got  us  New 
Haven  men  cleaned  out.  They  are  'way  ahead  of  us.*'  We  thought  wc 
had  done  very  well  before  when  you  have  been  in  New  Haven,  but  take 
it  right  through,  and  I  must  say  that  you  have  done  better  than  we  have 
in  New  Haven.  I  would  particularly  like  to  speak  of  one  little  thing.  I 
think  that  the  orchestra  that  they  furnished  us  last  night  was  unique, 
and  it  was  certainly  very  dehghtful. 

Mr.  Hill:  Mr.  President,  I  hope  I  may  be  allowed  to  second  the 
motion  of  Mr.  Kellogg.  I  am  sure  we  all  appreciate  very  much  the 
courtesies  of  the  Hartford  and  New  Britain  people  which  have  been 
tendered  to  us.  When  you  came  to  New  Haven  we  tried  to  treat  the 
boys  as  well  as  wc  could,  but  1  think  the  Hartford  and  New  Britain 
men  must  have  taken  the  cue  from  our  experience  because  they  have 
certainly  gone  us  one  better.  I  would  like  to  second  Mr.  Kellogg's  motion 
of  thanks  for  courtesies  tendered. 

The  President:  Gentlemen,  you  hear  the  motion  which  has  been 
made  by  Mr.  Kellogg  and  seconded  by  Mr.  Hill,  that  a  vote  of  thanks 
]>c  extended  to  the  Hartft)rd  and  New  Britain  members  of  the  society 
\vh(i  liavc  prepared  our  entertainment  here.  As  many  as  are  in  favor 
<^f  the  motion  will  say  **aye."  There  is  no  use  in  calling  for  the  con- 
trary minded,  for  the  vote  is  unanimous. 

Se(  KKTAKY  Jack.son  I  T  uiovc  vou.  Mr.  President,  that  the  society  now 
take  a  recess  until  1.15  for  lunch. 

Motion  seconded  and  passed,  and  convention  declared  adjourned  until 
1.15. 

AFTERNOON  SESSION. 

Convention  called  to  order  at  1.45  r.  m..  President  Charles  F.  Chase 
in  the  chair. 

The  Phksipknt:  Gentlemen,  if  you  will  come  to  order,  we  will  con- 
tinue tlic  reading  of  papers  and  onr  discussions.  The  first  paper  is 
•'Tlic  .\e\v  C(»nnecticut  River  Bridge  of  the  N.  Y.,  N.  H.  &  H.  R.  R.  Co. 
at  Eynu".  ("oiin.,"  by  Mr.  J.  H.  Soehrens. 

Mr.  Soehrcn's  paper  is  printed  on  page  87. 

T)iscu^sion  will  be  f<nmd  on  page  149. 

TiiK  Prksii>knt:  Wc  passed  over  this  morning  a  paper  on  "Some 
luiginccrin^r   Features  of  ihe   Norwich   Hospital   for  the  Insane."     We 
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present, 

Mr.   Chandler's  paper  is  printed  on  pugc   lo. 

Discussion  will  be  found  on  page  151. 

Mr.  Palmer  then  read  Mr.  Chandler's  paper. 

The  President:    Mn  Chandler's  paper  is  before  you  for  discussion. 

The    President:     The   next   paper   on    the   projtram 
Submerged  Pipes,"  by  Frederick  S,  Ward  well. 

The  President:    lljs  paper  is  open   for  discussion. 

Mr  VVardwell's  paper  is  printed  on  page  79, 

Discussion  will  be  found  on  page  152, 

Mr.  Bush  :  T  would  like  to  move  that  the  Society  elect  Mr,  Lewis 
M.  Haupt,  of  Philadelphia,  an  hunorar>'  member  of  this  society.  We 
all  appreciate  his  efforts  in  our  behalf,  and  it  is  at  considerable  trouble 
that  he  has  come  up  from  Philadelphia  for  our  benefit.  1  think  it  would 
be  eminently  htting  that  we  elect  him  ;tn  honorary  member. 

Motion  seconded  and  unanimuu^ly  carried  by  a  standing  vote. 

The  PMESitiENT:  Mr.  Haupi  is  unanimously  elected  an  honorary  niem- 
ber  of  this  society. 

Any  other  motions  or  resolutions?  Mr.  Nichols  spoke  of  something 
this  morning  thai  he  wished  to  bring  up. 

Mr.  Nichols:  The  reason  I  spoke  was  that  I  thought  perhaps  it 
would  be  better  to  postpone  that  until  after  the  papers  were  read;  how- 
ever, just  a  few  words  abovit  it.  On  February  7th  the  Eitghiccrinn  News 
jjtibhshcd  a  very  interesting  article.  1  won't  undertake  lo  read  it  all 
It  is  an  extract  from  the  address  of  the  President  before  the  hfth 
annual  convention  of  the  Pacific  Northwest  Society  of  Engineers.  I 
would  like  to  see  this  matter  brought  before  the  society.  I  think 
it  is  of  vital  interest,  and  I  think  the  best  way  to  get  at  it  would  be  to 
take  the  sense  of  the  meeting  by  making  a  motion  that  the  Chair  appoint 
a  committee  of  five  or  seven,  as  he  sees  fit,  of  engineers,  to  report  at 
some  future  time,  and  submit  a  report  for  discussion,  comprising  a 
schedule  of  prices  of  minimum  fixed  charges  which  they  may  see  tit 
to  suggest. 

The  President 
a  motion? 

Mr.  Nichols:   I  will,  yes. 

The  President:  You  have  heard  Mn  Nichols'  motion,  that  a  com- 
mittee of  five  or  seven  be  appointed.  As  it  is  an  important  matter, 
perhaps  seven  had  better  be  appointed  to  consider  the  matter  of  fixing 
a  minimnm  rale  of  charges  for  ertgineering  services.  Any  discussion 
on  this  question? 

Mr.  Turner:  I  would  like  to  inquire  if  there  is  any  way.  in  the  mind 
of  Mr.  Nichols,  how  such  a  regulation  could  be  enforced,  if  made? 

The  President:  Of  course,  that  is  one  thing  that  would  have  to  be 
considered  in  cormection  with  ihe  whole  matter.  It  might  be  verj'  easy 
to  fix  a  minimum  charge,  and  entirely  another  thing  to  enforce  it.  The 
only  w^ay  to  enforce  it  would  be   for  the  engineers  to  see  that  it  was 


Is   the   motion   seconded?     Did  you   make    that  as 


200  TWEXTV-THIRD  ANNUAL   MEETING. 

enforced.  This  is  a  matter  that  could  hardly  be  settled  at  one  meeting, 
but  if  the  committee  is  appointed  they  can  take  it  into  consideratton  and 
report  at  some  future  meeting,  and  perhaps  then  have  an  extended  dis- 
cussion on  the  subject. 

Mr.  Corson  :  I  should  think  that  committee  could  report  first  as  to  the 
advisability  of  establishing  any  such  scale  of  prices,  or  fixed  charg^es,  and 
if  they  advise  in  the  affirmative  and  approve  of  any  such  things,  they 
might  then  follow  with  a  certain  scale  of  prices  which  they  would  recom- 
mend for  certain  work;  but  if  such  a  committee  is  appointed  now,  if 
this  motion  goes  through,  I  should  think  it  would  be  well  to  authorize 
them  to  consider  the  whole  question  of  the  advisability,  rather  than  to 
submit  any  prices. 

The  President:    Do  you  accept  that? 

Mr.  Nichols  :     T  intended  it  that  way. 

The  President:    To  take  the  whole  matter  into  consideration? 

Mr.  Nichols:    Yes. 

The  President  :  As  many  as  are  in  favor  of  Mr.  Nichols*  motion 
please  manifest  it  by  saying  "aye."  Contrary  minded,  "no."  It  is 
a  vote. 

As  it  is  left  to  me  to  appoint  the  committee,  I  would  rather  take  a 
little  time  to  do  it.    Any  other  business? 

Secretary  Jackson  :  It  occurs  to  me  in  this  matter  of  discussion  of 
papers,  etc.,  that  very  often  a  member  might  think  of  something  after 
the  time  for  discussion  of  a  certain  paper  is  closed  that  would  be  of 
considerable  benefit  to  the  society,  and  would  be  desirable  to  print  in 
the  proceedings,  and  T  would  suggest  that  if  any  member  should  think 
of  anytliing  they  wish  to  submit,  that  the  proceedings  are  open  a  month 
or  more  after  this  meeting,  so  that  they  can  discuss  by  letter  any  point 
or  any  paper,  and  we  could  embody  it  in  the  report  in  that  way.  In 
fact,  a  great  many  men  could  sit  down  and  write  up  a  discussion  better 
than  they  could  stand  up  and  talk  it,  and  as  we  do  not  get  our  bulletins 
out  much  more  than  two  or  three  days  before  the  meeting,  it  is  very 
probable  that  some  member  might  wish  to  do  that  way.  If  so  we  would 
be  glad  to  receive  it,  and  I  think  it  would  be  a  very  good  thing. 

The  Pkesidknt:  The  thing  Mr.  Jackson  suggests  is  a  very  good  one. 
As  he  said,  the  copy  does  not  go  to  the  printer  for  a  few  weeks,  and 
if  anyone  lias  anything  to  say,  we  can  easily  forward  your  comments  to 
!Mr.  Jackson,  who  will  see  that  they  are  taken  care  of. 

Mr.  Cr\wfori):  I  desire  to  give  an  expression  of  obligation  to  Mr. 
Tl.  G.  Clark  for  the  care  and  patience  which  he  gave  to  the  work  covered 
hy  his  paper  this  morning.  It  took  a  great  deal  of  time,  and  I  think 
the  result  has  been  good.  That  curve  is  a  job  that  I  do  not  think  any- 
body would  long  to  take.  I  do  not  think  there  are  any  kinks  in  the 
work  at  the  present  time. 

The  Prksidknt  :  Any  further  questions  or  discussions?  If  not,  we 
will  take  up  the  next  paper,  which  is  on  "Telephone  Subway  Construc- 
tion,*' by  ^Tr.  Edward  IT.  Everit. 
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The  President:  Mr.  Everit's  paper  is  open  for  discussion.  I  am 
sure  that  there  are  some  points  in  this  that  can  well  be  discussed.  Glad 
to  hear  from  anyone. 

Mr.  Everit's  paper  is  printed  on  page  96. 

Discussion  will  be  found  on  page  152. 

Secretary  Jackson  :  I  move  that  the  thanks  of  the  society  be  extended 
to  those  members  who  have  come  here  to-day  and  given  us  these  papers. 
They  have  been  very  much  enjoyed  by  all  the  members  present  and  will 
prove  a  very  valuable  addition  to  the  archives  of  the  society. 

Motion  seconded  and  unanimously  passed. 

Mr.  Corson:  Will  you  appoint  that  committee  on  establishing  rates 
before  this  meeting  adjourns? 

The  President:  I  think  I  would  rather  wait  until  I  can  talk  it  over. 
It  seems  to  be  an  important  committee,  and  I  would  not  want  to  appoint 
it  now.  They  will  be  notified  immediately,  and  the  other  names  of  the 
committee  given. 

Mr.  Corson:  I  didn't  know  but  they  would  like  to  know  before  the 
next  meeting. 

Committee  of  seven  appointed  by  the  President  as  follows: 

Mr.  Nichols,  New  Haven,  Mr»  Burt,  Hartford, 

Mr.  Corson,  Hartford,  Mr.  Buck,  Hartford, 

Mr.  Hill,  New  Haven,  Mr.  Ford,  Bridgeport, 

Mr.  Miner,  Greenwich. 

On  motion  duly  made,  seconded  and  passed,  the  convention  was 
declared  adjourned. 


Mr.  Corson  declining  to  serve,  Mr.  Pahncr  was  appointed. — Secretary. 
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LP  THE  COXXECTICUT  RIVER  FROM  LYME  BRIDGE  TO 
H.\RTFORD. 

Tuesday  Aug.   14.   1906. 

At  II  A.  M.  the  steamer  Madeleine  left  the  L>'me  steamboat  dock,  on 
the  east  bank  of  the  Connecticut  River,  near  the  Lyme  station  of  the 
Shore  Line  Division,  N.  Y..  N.  H.  &  H.  R.  R.  This  dock  is  near  the 
Saybrook  and  Lyme  ferr>'.  also  the  site  of  the  bridge  which  the  railroad 
company  is  now  building  over  the  Connecticut  River. 

This  bridge  consists  of  ten  spans,  all  double-track,  nine  of  them  being 
fi.xed  and  one  movable. 

Spans  One  to  F'ive,  inclusive,  and  Xine  and  Ten  are  pin-connected 
through  (sub-panel  parallel  chord)  truss  spans  each  182'  o"  c.  to  c.  of 
end  pins ;  depth  c.  to  c.  of  chords  35'  o" ;  width  c.  to  c.  of  trusses  jo' 
8".  Xumbcr  of  sub-panels,  14;  masonry  to  base  of  rails  10'  4"  at 
expansion  end  and  9'  3"  at  fixed  end. 

Span  Eight  is  made  up  of  two  single-track  deck  plate  girder  spans 
each  67'  6"  out  to  out;  depth  back  to  back  of  angles  7'  6^";  width  c 
t<»  c.  of  girders  6'  6";   masonry  to  base  of  rail  9'  3". 

Span  Six  is  a  single-leaf  through  truss  Scherzer  Rolling  Lift  Bridge; 
span  158'  3"  c.  to  c.  of  bearings,  affording  a  clear  channel  of  152'  6" 
between  faces  of  the  piers  under  coping,  measured  at  right  angles  to  the 
channel ;  width  of  trusses  c.  to  c.  30'  4" ;  masonry  from  top  of  floor  7'  3' 
at  end  and  9'  3"  at  center  pier. 

Span  Seven  is  a  track  girder  span  3K'  o"  c.  to  c.  of  bearings. 

Opportunity  was  jjjivcn  to  inspect  the  bridge  work  before  the  steamer 
loft.  The  masonry  work  bad  been  completed  and  about  three  spans  of 
the-  heavy  superstructure  were  ere.ctcd  at  the  time  of  our  visit. 

The  steamer  arrived  at  the  famous  old  Portland  quarries  about  3  P.  M.. 
where  the  members  enjoyed  the  hospitality  of  General  Manager 
DePey«;ter.  a  member  of  the  Connecticut  Society  of  Civil  Engineers. 
'Ibese  (juarries  have  been  wc^rked  continuously  since  before  the  year 
itibS-  They  cover  very  many  jicres  and  the  excavations  extend  to  a 
depth  of  over  200  feet.  Modern  methods  and  machiner>'  are  to  be 
>een  here,  including  the  handling  of  heavy  blocks  of  stone  by  locomotive 
craiu"^.  travelers,  etc. 

The  boat  arrived  at  Hartford  at  0:  30  p.  m.  Landing  was  made  at  the 
new  >tone  bridge,  which  was  at  an  interesting  stage  of  construction. 
Four  archer  were  completed  and  the  centers  removed.  The  main  group 
i^i  li\e  arches  were  still  on  the  false  work  and  about  half  turned. 

The  scenery  aloni;  the  Connecticut  River,  between  Saybrook  and  Hart- 
ford, in  tile  beauty  of  its  verdant  slopes  and  wooded  hills,  rivalled  that 
ui  the  famous  upper  Hudson  \'alley.     Each  of  the  many  bends  of  the 
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river  disclosed  a  charming  vista.  The  river  trip  was  a  most  enjoyable 
feature  and  the  descriptions  of  Messrs.  Bishop,  Wilcox  and  DePeyster 
were  much  enjoyed. 

The  luncheon  served  aboard  the  boat  was  appreciated  and  the  orchestra 
listened  to  with  pleasure. 

The  following  were  admitted  to  membership:  Charles  W.  Bennett, 
Hartford,  Conn. ;  Edwin  P.  Dawley,  New  Haven,  Conn. ;  George  R. 
Johnson,  West  Haven.  Conn.;  Robert  L.  Pearson,  Saugatuck,  Conn.; 
Albert  H.  Schilling,  New  Britain,  Conn.;  Philip  K.  Williams,  Glaston- 
bury, Conn. ;   Guilford  D.  Young,  West  Haven,  Conn. 

Those  present  were :  Chas.  F.  Chase,  New  Britain ;  E.  M.  Stone,  Hart- 
ford; F.  S.  Luther,  Hartford;  Wm.  R.  C.  Corson,  Hartford;  D.  S. 
Banta.  Hartford;    C.  J.  Bennett.  Hartford;   R.  A.  Clark,  Hartford;    A. 

B.  Alderson,  West  Hartford;  F.  M.  Smith,  Danbury;  C.  R.  Darrow, 
Waterford;  G.  E.  Verrill,  New  Haven;  R.  F.  Stoddard,  Milford;  W. 
H.  Moore,  New  Haven;  C.  E.  Smith,  Scranton;  E.  C.  Webster, 
New  Haven;  O.  H.  Marchant,  New  Haven;  Edward  E.  Minor,  New 
Haven.;  Albert  M.  Turner,  Canaan;  Vincent  B.  Clarke,  Milford; 
Stanley  N.  Clarke,  Milford;  Herbert  B.  Wightman,  Norwich;  E.  A. 
Keeney,  Lyme,  Conn.;  Robt.  S.  Brown,  New  Britain;  H.  W.  Storrs, 
Meriden;  James  A.  Toner,  Newark;  J.  T.  McKnight,  Ellington;  E.  P. 
Augur,  Middletown ;  A.  H.  Greenwood,  Hartford ;  A.  H.  Schilling,  New 
Britain;  C.  N.  Merrels,  New  Haven;  Chas.  A.  Ferry,  New  Haven; 
Judson  M.  Minor,  New  Haven;  H.  H.  Gladding,  New  Haven;  Raymond 
V.  Root,  Cromwell ;   Leon  F.  Peck,  Greenwich ;   S.  C.  Pierson,  Meriden ; 

C.  L.  Slocum,  New  Haven;  Geo.  K.  Crandall.  New  London;  W.  B. 
Palmer,  Bridgeport;  A.  J.  Christie,  Ambridge;  H.  A.  Weaver,  Clinton; 
J.  S.  Ruff,  New  Haven;  Edgar  Tweedy  Belden,  New  Haven;  T.  J. 
Bateman,  Hoboken;  Frederick  DePeyster,  Portland;  Geo.  Bishop, 
Middletown;   Ralph  Wilcox,  Middletown. 
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•    COXSTITUTIOX. 


ARTICLE  I. 

NAME    AND    OBJECT. 

Skctiox  I.— The  name  of  this  Society  shall  be  the  Coxnecticut  Soci- 
» TY  OF  Civil  Engineers. 

OBJECT. 

Sec,  j — The  object  of  this  Society  shall  be  the  professional  improve- 
ir.oni  of  lis  members:  the  encouragement  of  social  intercourse  among 
men  of  practical  science,  and  the  ad^-ancement  of  engineering  in  it? 
several  branches,  to  wit :  Civil,  hydraulic,  na\-aL  sanitan.-,  mechanical, 
electrical  archiuviitral.  mining,  geological,  metallurgical,  and  chemical: 
I  he  reading  -"-v!  *.ii>cv.>>ion  of  papers,  or  to  hear  lectures  on  any  of  the 
.'.Kno  t^vics  ro;a::r.c  to  engineering  science,  and  the  transaction  of  all 
bi'.svaess  prv^;x^rly  belonging  to  said  SocieiA*. 

ARTICLE  II. 

Sjvticn  :  —  7he  r.':;:rr.Srr>h*p  ::  :r"s  S>~e:>-  shill  o?nsist  of  Member?. 
:lv^:vrar>    V.i^r.:Vs:r>    .-::.:    As>X":i:e    M;r:>er>. 

>:."    .*      \. :".•."<  •■:•..■.>:   >f  ..:  !;;.f:  r-virr. -:r:i  v^.irs  of  age  and  ha\e 

..\,^  '..'.—>    ;::.i.".  .vx-  ;- .-;    :-  >:r::?*  rnncJ:  ■:£  er^rseering  or  su?-- 

>V'    '^v-    ■     ^*^        ^■'  -:   x>--  *:r-^.i::;i  fr:—  iz  epct-e^nsg  course  in  a 

,v  ".j;.-    -"      ...-:•     .:    -.c;>j:~  :r-i    -Ti-iric.   i=l   '.'r-iy   onsv    shall   be 

S>,    i      ■■.-  V      ■    V.-rx-  -  -?■:     :•;  ri^  rurj  if  :bi  Srciecy  shall  elect. 

'V-    -  ^ '.      ■  :   ■:     -/  •  ;■::     x*  >.'.:     ->■:  ■   ":<  il::cr:r'i  ::  b:t«i  c-Sce.     They 

v\-.      '  ■  V    x-     i^-:    .-  ;.:-,'•.;  ;.     : :  ri.c  T:.>«rry:s  i--:  ::  -frrfcy  soch  other 

•  ■     xv.-^   ■-     "-^    >-v  .:•■    -  :     j^*,'   ':  -.-  jT^i-T-L   i.xrrj-r^x.  brwTCver.  snch 

•  \-.\  i  ••    \.,- ■  X  ^     >    T'        X'    . -.x-^:-:    '-.'c:   .v~c-.-  'w^f^^^r'J•ic#.  when 


\  :  ^»  .*  j:xi=. 

.r  :r':  :.»:c".i-i':  Trtti  r^Es  Society. 
-:.:'.  Tii:.-  rn;u-»  inrccars^c.  and  if 
-rr.-i-t  r~.m  tie  Bcarii  of  Oircc- 
'.v-':--  :-  tnt  -nor  TupsLir  rae^fring. 
::.:  vi-r'  ;."  zui  T':r*s  clsc  be  shall 
\  ;'ni?c^-      ^.>?orane  Megrfeerg  shall 
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ARTICLE  III. 

OFFICERS  AND  THEIR  DUTIES. 
OFFICERS. 

Section  i. — The  officers  of  this  Society  shall  be,  a  President,  two  Vice 
Presidents,  a  Secretary  and  Treasurer,  an  Assistant  Secretary,  and  four 
Directors. 

election  of  officers. 
Sec.    2.— The    officers,    excepting   the    Assistant    Secretary,    shall    be 
elected  at  the  annual  meeting,  and  shall  hold  their  respective  offices  until 
the  final  adjournment  of  the  meeting  in  which  others  are  elected  and 
qualified  in  their  places. 

PRESIDENT. 

Sec.  3. — The  President  shall  preside  at  all  meetings  when  present. 
He  shall  be  chairman  of  the  Board  of  Direction,  and  of  all  standing 
committees,  and  shall  appoint  all  special  committees,  unless  otherwise 
ordered  by  a  vote  of  the  Society. 

vice  presidents. 
Sec.  4. — In  the  absence  or  inability  of  the  President  to  act,  the  Senior 
Vice  President  present  shall  perform  his  duties. 

secretary. 
Sec.  5. — The  Secretary  shall  attend  all  meetings  of  the  Society,  and  the 
Board  of  Direction,  and  shall  keep  the  minutes  thereof.  He  shall  con- 
duct the  general  correspondence  of  the  Society,  receive  communications 
addressed  thereto,  and  present  the  same  to  the  proper  committees, 
officers,  or  meetings.  He  shall  issue  notices  of  all  meetings,  inform 
committees  of  their  appointment,  and  officers  and  new  members  of 
their  election.  He  shall  notify  all  committees  of  coming  meetings  and 
prepare  the  matters  for  presentation.  He  shall  keep  a  complete  list  of 
all  members,  with  their  addresses  and  dates  of  election.  He  shall  pub- 
lish the  annual  report.  He  shall  perform  such  other  duties  pertaining 
to  his  office  as  may  be  imposed  upon  him  by  the  Society  or  by  the 
Board  of  Direction,  and  shall  receive  a  salary  to  be  fixed  by  the 
Society. 

treasurer. 
Sec.  6. — The  Treasurer  shall  keep  the  accounts,  collect  all  the  funds 
of  the  Society  and  shall  deposit  the  same  to  the  credit  of  the  Society  in 
such  depository  as  may  be  designated  by  the  Board  of  Direction.  He 
shall  pay  all  bills,  when  approved  by  the  President  or  a  majority  of  the 
Board  of  Direction.  He  shall  keep  book  accounts  of  his  receipts  and 
expenditures,  which  shall  at  all  times  be  open  to  the  inspection  of  the 
Board.  He  shall  make  a  duly  audited  itemized  report  to  the  annual 
meeting.     He   shall   give  bonds   for   the   faithful   performance   of   his 
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iliiiios.  in  such  annnints  and  with  such  sureties  as  the  Board  of  Direc- 
tion nia\  rcnuirc.  anil  ho  shall  receive  such  remuneration  as  the  Societ> 
may  vote  to  l:ini  from  time  to  time.  The  Board  of  Direction  shall 
andii   the    Treasurer's  accounts  and  books  annually. 

ASSISTANT    SECRETARY. 

Sii-.  r-  The  .\ssi<tani  Secretar>'  shall  he  appointed  annually  by  the 
Piosidoni,  and  his  duties  shall  l>e  such  as  would  pertain  to  the  office 
oi  cxcoutivo  >ocretar>. 

I\»\KP    OF    IHRECTIOX. 

S>\  S  -n-.is  Inxird  >hall  consist  oi  the  President,  the  two  Vice  Pres'- 
i\':::>.  ..!ui  :!'.o  io:jr  l''iric:.r>  Ii  shall  have  supervision  and  care  of  all 
:'.:o  .»!V..:rs  ^:^I  prtv,H'rty  <m"  tl.c  S-vioiy.  and  siiall  conduct  the  same  in 
..vO»^:\l,.:^co  wi;;-.  :::i  C'TTs;i: •.::::::  ar.d  B\-Lriws.  The  President  or  one 
v^:  :ho  \"-.v\*  rrc>:('t':riS  --h.-.W  jTesi^ie  .i*.  ^\\  rr.eetir.jrs  of  the  Board,  in 
\'.\'  vTiUr  i^:"  M::".'ri:y.     Ir.  :ht   ::':  str.je  ■;:  i"  ihtse  omcers.  a  chainnan 

*•.  :.-.  :"..>  ".v  ..■.';. o:;v.ci:  :.-  :;:v  r-.i-.::rg.  The  r.rst  year  after  thi? 
s  iV : : . '  •.*  :  -  . . .  \  : ' :  i . '. .  : : ::  r  :r.  i : v.":  i :  >  >  r .. *  *.  '.  <-  c h '  *i-  r.  :* :  the  annua  1  meet ing. 
:'.\.^  V :■,.;;  :v  .-■■..•-;::  :  -r  .^  :■. r:v.     :"     r^t  >i::.r  .'ir.f  :w:  to  >erve  two  years. 

\ :  . . "  ^ ;■. ■  s V ;  ■.: . : ■ :  . . t: •.: i: .: '.  r.: ;  t : : tu s  t -»v .  tr. .: rr/' »e r "  shall  be  chosen  i '.■ 
>.  :\.-    :\Xv-  >i..'>      ";;:r  r-.;:-.:'^ rs   -::;■."    c.r.-:;:-Jtf   3    ^uorum    to   tran-- 


;  N.S 


-;::.t:    :.r.L  Trci surer.  ::■  servf 


•  -. . .  ■. .  r.*:  ..  ". .  -:  • :  : -S ?t  rs  :  c-  r*  ••■  c-tr .': 
:  ::.r  -■■;--.:.■.-  ii  jiist  sixt:--  ■  re  ■ 
.;;      -'.v:-^       ?:■;    Ti.-rT:niit; --r:*    f- 

.■:•.::•■•  :-  r.r  cr.^O:y.*i  tr>-^-:»r>fi  vizi. 
:-•">;  J  :,;.,»>  ZTc^m  ir.t  «iitr 
■  i;:-.  :•:--  ;.-•-  *hi''  '•£  islivere: 
■^ -.-."•:■.•    ::   ;    rp:-i-:-:r.j:  t:-  :-•  held 

; »  -.v.-     :.- zi'T.     ::     Z'rJhiT  tthtz- 
V.  •   ■.•*ir:      ":  :   "uTinrnr  :«  Dccnitiitc-d 

-. .-.  .■;  tr":  Tr»:<t  Ti:irniu.tnj£  riS-ly:-:?. 
:'-^  ■•.  ':r.j:  M.Ir.ts  f:r  tr  :<rire.  zr  iz 
.-.•-:'.;:-:   :  .*  lit  :«irt.  ti*?   i.rari  ?: 
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All  nominees  for  office  shall  be  notified  at  once  by  the  Secretary  of 
their  nomination  and,  unless  the  Secretary  receives  a  prompt  declination, 
it  shall  be  assumed  that  they  have  accepted  such  nomination. 

ELECTIONS,  HOW  CONDUCTED. 

Sec.  3. — At  least  twenty-one  (21)  days  before  the  annual  meeting  the 
Secretar>'  shall  send  each  member  a  ballot,  containing  the  names 
(arranged  alphabetically)  of  the  candidates  for  each  office.  This  shall  be 
accompanied  by  an  envelope  addressed  to  the  Secretary,  with  a  blank 
space  on  the  back  for  the  signature  of  the  member  voting,  also  a  blank 
envelope  carrying  no  mark  for  recognition. 

Each  member  shall  signify  his  choice  of  candidates  on  the  ballot  and 
return  it  to  the  Secretary  in  two  sealed  envelopes;  the  inner  one  to  be 
left  entirely  blank,  and  the  outer  one  endorsed  with  signature  of  sender. 

Ballots  may  be  sent  by  mail  to  the  Secretary  or  handed  to  him  directly. 
The  Secretary  shall  deliver  the  ballots,  unopened,  to  the  tellers  appointed 
by  the  presiding  officer. 

The  polls  will  close  at  eleven  o'clock  in  the  morning  of  the  day  of 
the  regular  annual  business  meeting  of  the  Society. 

MEMBERS    IX    ARREARS   CANNOT   VOTE. 

Sec.  4. — It  shall  be  the  duty  of  the  Treasurer  to  furnish  the  tellers 
with  an  alphabetical  list  of  members  in  arrears  for  dues  for  two  years 
or  more,  and  no  vote  from  a  member  so  in  arrears  shall  be  counted. 
Ballots  received  from  such  members  shall  be  returned  to  them  unopened 
with  a  statement  of  the  reason   for  such  action. 

PLUR.\LITY     ELECTS. 

Sec  5. — The  candidate  for  each  office  receiving  a  plurality  of  the  votes 
shall  be  declared  elected.  In  case  of  a  tie  vote,  the  meeting  shall  pro- 
ceed to  vote  by  ballot  for  the  candidates  who  are  tied. 

NOTIFICATION. 

Sec.  6. — The  Secretary  shall  officially  notify  in  writing  each  officer  of 
his  election. 

Officers  so  elected  shall  quahfy  and  assume  their  duties  immediately 
after  the  adjournment  of  the  meeting  at  which  they  are  elected,  and  shall 
hold  office  until  their  successors  are  duly  elected  and  qualified. 

VACANCIES. 

Sec.  7. — Vacancies  occurring  for  any  cause  in  the  list  of  officers  shall 
be  filled  by  the   Board  of  Direction. 

ELECTION    OF    MEMBERS. 

Sec.  8. — Each  application  shall  be  announced  on  the  notices  for  the 
next  meeting  after  it  is  received,  shall  then  be  considered  by  the  Board 
of   Direction,  and,  if  approved,  shall  be  presented  to  the   Society   for 
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ImIioi  .It  a  rcs:iilar  meeting.  If  a  candidate  receives  a  majority  of  th? 
li.tlloi>.  Ik-  >hull  be  declared  elected.  In  case  of  rejection,  no  inin!r.c 
>1m11  bo  inibH>hcd,  but  the  Secretan-  shall  notify  the  applicant  by  letter. 

APPLICATION    FOR    MEMBERSHIP. 

Sic*.  0. — All  applications  for  membership  or  for  transfer  from  one 
Sr.Klc  of  moml»crship  to  another,  shall  be  made  on  a  regular  form,  ic 
.^c  >cvu7ed  from  the  Sccretar\-.  and  to  be  endorsed  by  three  Members. 
':  h:>  form  sh.^U  con:  a  in.  immediately  over  the  signature  of  the  appli- 
.•..:v..  ..  c\.*.>e  in  which  the  applicant  shall  agree  that  if  elected  he  'wil! 
!i  }:vVcrT:iJ.  '.:\  ..!!  Scsrien*  mir.ers  ^y  ihe  Constitution  and  By-Law ^. 
.V,'.  \\i;!  :\r\\.Lr.:  li-.i-  iriire?:     :  the  Sc-ciety  at  all  times. 

ARTICLE  V. 

n:li7:x:s. 

=.NNV  ».:    Mirn.v;. 

>:.-. -..N   :  ■-'.:■-. :^  >:'..'."  ':<  ..  '-/.z-.j-  z   *.■  j.*  '■.:t:lr.r  het-i   :-n  the  sfc- 

.  ■  . .    V ,:  i  >  .■ .  0     - :    r  ■.  r  -  v. . .  r>    c :.  j  ■:  ye:.-,  i :  >_•:>.  7 12  :  e  s  s  =:ay    r«e  «>e !  cc:td 

^    -.   i    ;  •;..'.:     :    1"^ -ijt.r    ::    a"-  :-    Li:  r.::::-  sr.s.'!  be  eiven   by  :h« 


>:  1 1  r:  n  .  s    y. : 


:k    r.;._-: :   :y  "l.-.-   rresiaer.:   anc.  wnen 
;-;•;  :;--.:  :'*:?  ririr^ss  :here-:-f  -shilj  be 

■•-.:    «-.!     -e    ■--?".:      Sr-irLiI    :r.ee:::ig» 


-  r.i  -'   M-  i'zZ  'i-sei  f cr  :ha: 

.:ti:  :.:"    iues. 
:   '.-w--  x-  remit  Jues  whca. 
■JTu  ureter*-. 
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ARTICLE  VII. 

DEPRIVATION   OF   MEMBERSHIP. 

Section  i. — Any  member  whose  dues  shall  remain  unpaid  for  two  (2) 
years  shall  be  notified  by  the  Treasurer,  by  sending  by  registered  mail 
a  bill  for  dues  in  arrears,  on  the  face  of  which  bill  shall  be  printed  the 
sections  of  the  Constitution  covering  such  cases.  If  the  dues  are  not 
paid  within  thirty  (30)  days  after  such  notification,  the  matter  shall  be 
presented  to  the  Board  of  Direction,  who  shall  have  power  to  drop  such 
member  from  the  roll. 

resignations. 

Sec.  2. — Resignations  must  be  submitted  in  writing  to  the  Secretary, 
and  may  be  accepted  by  the  Board  of  Direction  when  all  indebtedness 
to   the   Society   has  been  discharged. 

Sec.  3. — All  charges  against  any  member  shall  be  investigated  by  the 
Board  of  Direction  before  being  submitted  to  the  Society. 

Any  member  may  be  expelled  for  conduct  which  may  be  deemed 
prejudicial  to  the  Society,  by  a  two-thirds  vote  of  the  Members  present 
at  a  business  meeting;  provided,  that  not  less  than  fifteen  (15)  vote 
for  expulsion,  and  that  such  member  shall  have  had  one  month's  notice 
of  the  charges  preferred  against  him  and  of  the  time  appointed  for 
their  consideration.  All  charges  must  fully  set  forth  the  offense  or 
offenses  alleged,  and  must  be  signed  by  the  members  preferring  them. 
An  attested  copy  must  be  furnished  the  accused,  who  shall  be  entitled  to 
be  present  and  to  be  heard  in  defense,  in  person  or  by  attorney,  at  all 
meetings  at  which"  the  charges  are  investigated,  except  during  the  time 
when  a   tlnal  vote  is  being  taken. 

ARTICLE  VIIL 
amendments  to  the  constitution. 

Section  i. — Proposed  amendments  to  this  Constitution  must  be  pre- 
sented in  writing  at  a  regular  business  meeting  of  the  Society,  and 
signed  by  at  least  three  Members. 

Amendments  so  presented  shall  be  read  at  the  meeting  and  a  copy  filed 
with  the  Secretary  at  the  same  time.  At  the  meeting  when  presented 
the  proposed  amendments  may  be  discussed  and  amended,  but  cannot 
be  adopted. 

Sec.  2. — At  any  regular  business  meeting  the  amendments  previously 
proposed,  according  to  Section  i,  may  be  voted  upon  by  letter  ballot. 
These  ballots  shall  be  sent  out  with  the  call  for  the  meeting  and  shall 
have  the  proposed  amendment,  together  with  the  section  of  the  present 
Constitution  covering  the  point  in  question,  printed  upon  the  ballot. 
With  the  ballot  shall  also  be  sent  an  envelope  directed  to  the  Secretary 
and  marked  "Ballot  on  Amendment."  The  Secretary  shall  keep  these 
letters  unopened  and  present  to  the  presiding  officer  all  replies  received 
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np  to  the  hour  of  closing  the  polls.  Tellers  sfaaH  be  appocsced  by  ±e 
presiding  omcer,  who  shall  open  and  count  all  baHocs-  Tee  resci 
shall  be  announced  at  the  meeting  by  the  presiding  o&cer.  Tvc-cnznis 
of  the  ballots  cast  will  be  necessary-  for  the  adopdoa  of  an  amead- 
=ient. 

Sec.  3. — The  Board  of  Direction  is  authorized  to  nmnlxer  the  Articles 
anti  Sections  of  the  Constitution  and  By-Laws  to  corrcspooid  with  any 
'Zhanges  that  may  be  made. 


BY-LAWS. 


MEETINGS. 


r.  In  addition  to  the  regular  ann-ja!  meeting,  as  pro\-ided  by  the  Con- 
stitution, the  Society  shall  hold  at  least  one  other  general  meeting,  and 
rnay  hold  such  other  meetings  to  listen  to  lectures  or  addresses,  or  to 
^isi:  engineering  wijrks  of  interest,  or  of  a  purely  social  natizre,  as  the 
Board  of  Direction  may  decide  to  calL 

0ENE3.\L  OaDEH  OF  BUSIN'EiS  AT  ANN'LWL  MEETUfG. 

2.    The  f'l'IIow-ing  general  order  of  business  shall  be  observed  at  ynrtmif 

meetings  i 

r.  Presentfiri-rn  of.  and  action  upon,  minutes  of  last  meeting. 

J.  Re;.-:.r:   :■:'  B.:ar-:  of   Direction.  * 

J.  Re;.«:  r:  ■:  f  S-jcrerary. 

4.  Report  ■:■£  Tr-e-i surer. 

5.  Report  of  -ir.j    Speci.il  Committees, 
i'.  Elect!-: n  'Tf   ne**-   members. 

7.  Election  of  otrrcers. 

S.  A.idress  cf   Fresi-ient. 

0.  ^[iscelI:ineous   business. 

10.  Papers,  lectures,  or  addresses. 

rr.  Atijoumment. 

rL-fixEss  >timN":s — order. 

X.  Tr:e  following  general  order  shall  be  observed  at  Business  Meet- 
ings: 

1.  Presentation  of.  ani  action  upon,  minutes  of  last  meeting. 

Mi <oc  1  Lv n e o v.  s  a r r. :  iincen: ent 5. 
o-     Stated  busine-s. 
4.     .\d:o--r!n!ont 

4  C.v!t:ibu:ing  Mc"':v's  un-ier  the  old  Constitution  shall  become 
A^^oviau-  Merr.bers  utv^i  the  aloption  oi  the  Revised  Constitntion. 


CONSTITUTION.  211 

5.  Actual  personal  transportation  expenses  incurred  by  the  Secretary 
in  attending  meetings  shall  be  paid  from  the  Society  treasury,  upon 
approval  of  the  President  or  two  members  of  the  Board  of  Direction. 

6.  In  the  election  of  Honorary  Members,  a  unanimous  vote  is  neces- 
sary to  elect. 

7.  The  Society  may  at  any  time,  duly  named  for  the  purpose,  enact 
By-Laws  for  the  future  guidance,  consonant  with  the  Constitution. 
These  By-Laws  may  be  amended  or  repealed  at  any  meeting,  in  the  call 
for  which  meeting  a  copy  of  the  proposed  amendment  or  addition  shall 
have  been  printed  and  sent  to  each  member  with  the  said  notice. 

PARLIAMENTARY  RULES. 

8.  In  all  questions  arising  at  any  meeting,  involving  parliamentary 
rules,  not  provided  for  in  these  By-Laws,  Roberts*  Rules  of  Order  shall 
be  the  governing  authority. 

VISITORS. 

9.  Visitors  may  be  admitted  to  meetings  under  such  rules  as  the 
meeting  may  prescribe. 

10.  All  forms,  such  as  blanks  for  application  for  membership,  ballots 
for  officers,  ballot§  on  amendments  to  Constitution  or  By-Laws,  and 
other  necessary  blanks  for  the  conduct  of  the  business  of  the  Society, 
sTiall  be  prepared  by  the  Secretary  and  approved  by  the  Board  of  Direc- 
tion. 


List  of  Members. 

With  Addresses  and  Dates  of  Election. 


Members  are  particularly  requested  to  inform  the  Secretarj'  at  once 
of  any  change  in  address. 


HONORARY   MEMBERS. 

CHITTENDEN,  PROF.  RUSSELL  H April  20,  1901 

Dean  of  Sheffield  Scientific  School  of  Yale  University,  New  Haven,   Conn. 

CLARK,  EDGAR  June,  1887 

Putnam,  Conn. 

CLARK,  JOHN  E April,  1884 

Prof.  Mathematics,  Emeritus,  at  Sheffield  Scientific  School,  Yale  University, 
South  Terrace,  Longmeadow,  Mass. 

FITZGERALD,  DESMOND Jan.  8,  1901 

Consulting  Engineer,  Brookline,  Mass. 

FROST.  GEORGE  H April,  i88.t 

President  Engineering  News  Publishing  Co.,  New  York. 

HADLEY,  DR.  ARTHUR  T April  20,  1901 

President  Yale  University,  New  Haven,  Conn. 

HAUPT,   LEWLS    Feb.    12,   1907 

Consulting  Engineer,  Philadelphia,  Pa. 

HAYNES,  EDWARD  C Jan.  14.  1890 

Ware,  Mass. 

PETTEE,  WILLLV.M  E Jan.   10.  1899 

Civil  Engineer,  Salisbury,  Conn. 

SEYMOUR,  \VILLL\M  O Feb.  9,   1904 

Railroad  Commissioner,  Ridgefield,  Conn. 

SKINNER,  FRANK  \V Jan.   9,   1900 

Editorial  Staff  of  the  Engineering  Record,  New  York. 

SCOFIELD,  HORACE  G Feb.  14,   1906 

Civil   Engineer,   Bridgeport,  Conn. 

MEMBERS. 

ADAMS,  JULIUS  L July  18,   1899 

Civil  Engineer  Hartford,  Manchester  and  Rockville  Tramway  Co., 
South  Manchester,  Conn. 

ALDERSOX.  ALGERNON  B Jan.   10,   1899 

Town  Engineer,  West  Hartford,  Conn. 

AMRHYN,  GUSTAVE  X Feb.  9,  1904 

Associate  Member,   Department  of  Parks,  New  Haven,  Conn. 

AUGUR,  EDWIN  P April,  1884 

Ci\il  Engineer  and  Surveyor,  and  City  Surveyor,  Middletown,  Conn. 
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AYRES,  HENRY  W Jan.   13,  1885 

Hydraulic  Engineer,  Hartford,  Conn. 

AZHDERIAN.  REUBEN  B.    . . .' Feb.    12,   1907 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.,  Watcrbury,  Conn. 

BACON,  ARTHUR  W Feb.  9»  1904 

Civil   Engineer,   New   Britain,   Conn. 

BANTA,  D.  SCHUYLER  Aug.  23,  1905 

Civil   Engineer,   Hartford,   Conn. 

BARKER,  WILLIAM  H Aug.  10,  1904 

Jenkins  &  Barker,  Hartford,  Conn. 

BARNEY,  SAMUEL  E Jan.  9,  1900 

Prof.   Civil  Engineering  Sheffield  Scientific  School,  Yale  University, 
New  Haven,  Conn. 

BEACH,  CHARLES  EDWARD   Jan.   10,  1893 

Civil  Engineer,  West  Hartford,  Conn. 

BELDEN,  CLIFFORD  H March  30,  1900 

Civil  Engineer,  Hartford,  Conn. 

BELDEN,  EDGAR  T Jan.  8,  1901 

Warner-Miller  Co.,  New  Haven,  Conn. 

BENNETT,  CHAS.  J Aug.   14,  1906 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.  Co., 
Hartford,  Conn. 

BENNETT,  RAYMOND  F March  30.  1900 

W.  F.  Bennett  &  Son,  Contractors,  Portland,  Maine. 

BERRL\N,  RICHARD  M Jan.  9,  1900 

Chief   Engineer    Fall   River   Bridge,    Fall   River,   Mass. 

BERRY,  CHARLES  H Aug.   10,  1904 

Civil  Engineer,  Flatbush,  N.  Y. 

BISHOP,  GEORGE  H Jan.   13,  1885 

Hydraulic  Engineer,  Middletown,  Conn. 

BISSELL,  CLINTON  T Aug.   10,  1904 

Civil  Engineer,  Brooklyn,  N.  Y. 

BL.VCK,  WILLIS   J Feb.    13,  1906 

Civil  Engineer  N.  Y..  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

BLAIR,  CLARENCE  M Aug.   10,  1904 

Civil  Engineer,  New  Haven,  Conn. 

BLAKESLEE.    CLARENCE    Jan.    9,  1900 

Civil  Engineer  and  Contractor,  New  Haven,  Conn. 

BLATCHLEY,  WILLIAM  J Aug.  10,  1904 

Civil  Engineer,  New  Haven,  Conn. 

BLEIM,  DANiEL  WILLIAM   Feb.  12,  1907 

Manager  American  Bridge  Co.,  East  Berlin,  Conn. 

BODFISH,  HENRY  L Feb.   13,   1906 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  Derby,  Conn. 

BRADLEY,  DANIEL  E Jan.  9,  1894 

President  Berlin  Construction  Co.,  Berlin,  Conn. 

BRETT,  THOMAS  C Aug.  10,  1904 

Secretary  Yale  Safe  &  Iron  Works,  New  Haven,  Conn. 

BREWER,    WILL.\RD    SEYMOUR     Feb.   12,  1907 

City  Engineer's  Office,   Hartford,  Conn. 

BRINSMADE,   DANIEL  E April  20,  1901 

Secretary  and  Assistant  Engineer  Ousatonic  Water  Co.,  Shelton,  Conn. 

BRINSMADE,  D.   S April,   1884 

Engineer  Housatonic  Water  Power  Co.,  Derby,  Conn. 
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BROWN.  CIL\RLES  O Jan-  it.  i^ 

City  En^neer,  Danbuiy,  Coon. 

BROWN.  EDMVND   Jan.    r:.  iS9» 

SjF<rir.ten'lfnt  and   En^neer  of  Norfolk  Water  Co.,  Norfolk,   Conn 

BROWN,   WALTER   A.    Oct.    rx.  syii 

First  Assistant  City  Engineer,  SpringtrrM,  Mass. 

BROWN.  WALTER  A Feb.   ij,  19^ 

Ctvil  Engineer  with  J.  D.  Barker,  Springfield,  Mass. 

BROWN,   WALTER   R.    Feb.    13.1906 

Er.ein*;-ring  Dep't,  N.  Y.,  N.  !r.  4  H.  R.  R-,  Waterbury.  Conn. 

BL'CK.  HENRV  R.   Jan.    lo.   z599 

Consulting   Engineer,    Hartford,   Conn. 

BCDDINGTON.  JOHN  E. March  30,  1900 

Consulting  Engineer  and  Contractor,  New  Haven,  Conn. 

BUNCE,  CHARLES  H April.  18*4 

Civil  Engineer,  Hartf'srd,  Conn. 

BURGHARDT.    WALLACE    Feb.    xj.  1906 

Town    Engineer,   North  Canaan,   Conn. 

BL-RT.    LL'THER   H.VROLD    Aug.    X4.  1900 

Bronx   Valley   Sewer  Commission,   White   Plains,   N.   Y. 

BL-RT.   LUTHER  W Jan.    13,  1S83 

Civil  Engineer  and  Surveyor,  Hartford,  Conn. 

BL'SCHOR.  EMIL  CHARLES  Jan.   to,  1899 

Civil   Engineer  and  Surveyor.  Central  Valley,  New  York. 

BUSH,  EDWARD  W Jan.    10,  1899 

.\*-3:s:ant  Engineer  Conn.  River  Bridge  and  Highway  District, 
Hartford,   Conn. 

BL'SHNELL.   W.    G Feb.    14.  1905 

A<ioc:ate  Member,  Electrical  Engineer,  New  Haven,  Coon. 

CAOWELL,  WILLLVM  H May  3X,  1893 

C:v;'.   Engineer,   X-:-*-   Britain,  Cunn. 

CAHN.  .\LE.\ANDER    Jan.   9,   1900 

Civil  Engineer,  New  Haven,  Conn. 

CAIRXS,  ROBERT  A .\ug.  .29.  XS90 

>a:.:M-:.    .-i:i<i    Mylrau'.'«.    K:-.ji:;eer  an  i  City   Engineer.  Waterbury,   Conn. 

CARD.   HUr^Ek   D Oct.    24.   1895 

Card  &  Smith.  Civil  Engineers  and  Surveyors,  Putnam,  Conn. 

CARLISLE.  HARRY  E Jan.  9,  1900 

Conduit  Engineer.  S.  N.  EL  Telephone  Co.,  New  Haven,  Conn. 

C.\RTER.  RALPH  B Jan.    14,  1890 

Civil  Engineer.  .'O  Corrlandt  St.,  New  York. 

C.VUM,   FRANK    .\ug.    14,  1900 

General    Manager   Scranton   Railway   Co.,   Scranton,   Pa. 

CH.\NDLER,  CH.\RLES  E April,  1884 

Civil  Engineer.  Norwich,  Conn. 

CHAP.MAN,  FREDERICK  S Feb.   10,  1903 

Civil  Engineer.  Philippine  Islands. 

CHASE.  CH.XRLES   F March   30.  1900 

Engineer    Berlin   Construction   Co.,    New   Britain,   Conn. 

CHE.NEY.  RICH.VRD  OTIS.  TR Jan.  9.  1900 

Civil  Engineer.  South  Manchester,  Conn. 

CLARK.    HERIUCRT   G July    x8.  1899 

Engineer  of  Keney  Park,  Hartford,  Conn. 

CLARK.  ROSCOE  N July   x8,  1899 

.\>sistant   City   Engineer,   Hartford,   Conn. 
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CXAKK.  VINCENT  B Feb.  9.  1904 

Civil  Engineer,  Milford,  Conn. 

CLARK,  WILLIAM  S July  14,  1890 

Civil  Engineer,  Meriden,  Conn. 

COE,  THEODORE  I Jan.  9,  1900 

Architect,  100  William  St.,  New  York. 

COGGESHALL.  R.  C.  P June.  1887 

Superintendent  of   Water  Works,   New   Bedford,   Mass. 

COLE,  CLINTON  L.   Feb.  9,  1904 

Civil  Engineer,  Conn.  River  Bridge  &  Highway  District,  Hartford,  Conn. 

COLLINS,  HARRY  C July  18.  1899 

Berlin  Construction  Co.,  Boston,  Mass. 

COMSTOCK,  LEWIS  B Aug.  10,  1904 

Civil  Engineer,  New  Rochelle,  N.  Y. 

COOLEY,  ORRIN  F Aug.  10,  1904 

Civil  Engineer,  Springfield,  Mass. 

CORSON,  WILLIAM  R.  C Feb.  10,  1903 

Electrical  Engineer,  Hartford,  Conn. 

CRANDALL,  GEORGE  K Jan.  11,  1887 

City  Engineer,  New  London,  Conn. 

CRAWFORD,  CHARLES  M July  18,  1899 

Chief  Engineer   Northern  Traction  Co.,  Hamilton,  Ohio. 

CRAWFORD,  NORMAN  McDONALD July  18,  1899 

Consulting  Engineer,   Cincinnati,   Ohio. 

CURTIS,  FAYETTE  S Jan.  9,  1900 

Vice  President  N.  Y.,  N.  H.  &  H.  R.  R.,  Boston,  Mass. 

CURTIS,  THEODORE  ALLEN  Aug.   14.  1900 

Windsor,  Conn. 

CURTISS,    GREY    WILLIS    Feb.   12,  1907 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  New  Haven.  Conn. 

DABOLL,   LOREN  E Jan.   8,   1895 

Civil  Engineer,  New  London,  Conn. 

DARROW,  COURTLAND  R.  Jan.  8,  1895 

Civil  Engineer,  Watcrford,  Conn. 

DAVIS,  ARTHUR  L July  18,  1899 

Assistant  Manager  Eastern  District  and  Export,  American  Bridge  Co., 
100  Broadway,  New  York. 

DAVIS,  F.  IRWIN Oct.  11,  1902 

Architect,  Hartford,  Conn. 

DAWLEY,  EDWIN  P Aug.  14,  1906 

Engineer  of  Construction  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

DePEYSTER,  FREDERICK  Sept.  3,  1891 

General  Manager  Brainard,  Schaler  &  Hall  Quarry,  Portland.  Conn. 

DEYO,  SOLOMON  LeF Jan.  9,  1900 

Chief  Engineer  New   York  Rapid  Transit   Subway  Construction   Co., 
New  York  City,  N.  Y. 

Dubois,  Augustus  j Jan.  9,  1900 

Prof.   Civil  Engineering  Sheffield  Scientific  School,  Yale   University, 
New  Haven.  Conn. 

DUNCAN,   EDGAR  T Feb.    14.  1905 

Civil  Engineer,  Hartford,  Conn. 

DUNHAM,   WILLIAM   ROBERT.   JR Feb.  12,  1907 

Civil   Engineer   Consolidated   Railway   Co..   New   Haven,   Conn. 


2l6  TWENTY-THIRD   AXXUAL  MEETTXG- 

EASTERBROOK.  FREDERICK  J Marcb  ja,  :fK 

A.«i.<rar.t  Engineer  N.  Y.,  X.  H.  &  H.  R.  R.  Co.,  Xew  Hav^  Cotzn. 

Ei^OY,  CHARLES  W Jan.  9^  :uc 

Civil  En^neer,  Waterborr,  Coon. 

ELLiWORirr,  FREDERICK  H ^Iaxxa  jo.  :»« 

DT-;ision  Engineer.  X.  Y..  X.  H.  ft  H.  R.  R.  Co..  Xew  Haven.   Cavsi, 

EVERIT,  EDW.  H Oct.   ir.  ifcr 

Engineer  S.  N'.  E.  Telephone  Co..  Xew  Haven,  Coon, 

FAR.VFIAM,  CHARLES  S Feb.  9.  :*u 

In.wrjct.-jr  Civil  EnffineeriMf  SbctEf^M  Scientinc  School,  Yale  L'aircrsHty. 
Nc-ar  Ha-.-tn.  Conn. 

FERRY.  CrfARLE.S  A Jan.  ^  :;o: 

Civil   Entfineer  and  Surveyor.  Xew  Haven,  Conn. 

FORfiE.^.  KE.VRY  DeB Kpru  z:,  :>:£ 

Civil    Enffinerrr,    College    Hill,    Ky. 

r<jRD,  FREDERICK  L Jai:.   zz.   z^j 

City   Er.g:r..Mrr.    Elarttonl.   C«)nn. 

FORD.   TFIEODORE    B April    zs,    :^:: 

Civil  En-i?ineer.  Bn.igcport.  Conn. 

FULTOX.  WILL  If Jan.  a.   :->;i 

City   Elngineer's   Onice.    Xew    Haven.   Conn. 

OA»xEL.     EDWARD     Jan.  9,  1900 

Ch.et   Er.gir.err  X.   Y..  .V.   H.  4  H.  SL  R.  Co..  Xew  Haven,  Conn. 

GILLETTE.  GEORGE  W.   F Jan.  9.  1900 

G.  M.  Grant  C-j..  Xew  Haven,  Conn. 

GL.\DDIXG.  IIEXRY  H Jan.  9,  19C0 

A«:<tant   City    Engineer,    Xew    Haven,    Conn. 

ry-jSS,    EDWARD    O Nov.    ^9.  1890 

Ai^:--rar.t   Treasur-ir   .Scovil    Mfg.   Co..   Waterbury.   Conn. 

GRAVE^,  EDWIN  D Oct.   2s.   1895. 

<  >..    I    hr*::>-r^r  ('-..v.r.   Rjv-r   Br:.!gf  arx.i  Highway   District. 
Hartf-r::.    C>r:'. 

GREENWOOD.  ALBERT  H Feb,   9.   -.904 

U  :r.[:    Berl:::   <.'..■  ::3truct:-:>n   C^:!..    Berlin.   Conn, 
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Irtcal.  Architectural,  Engineering,  Construction,  Railroad.  Iron,  Steel,  Mactiinerf, 
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THE  ENGINEERING  RECORD 

is  the  most  progressive  journal  in  the  world  devoted 
to  civil  engineering  and  allted  industries*  Since  it 
passed  into  the  control  of  the  McGraw  Publishing 
Co.,  some  four  years  ago,  its  growth  in  size,  circii* 
lation  and  influence  has  been  phenomenal. 
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Atlanta.  Qa.. 
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JOHNSTOWN,  PA. 
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MANUFACTURED    AT 


SYRACUSE,  NEW  YORK 

Eastern  References:  New  Haven,  Conn.,  and  Sprin^ileldf  Mass* 


DEPARTMENT     OF     PUBLIC     WORKS 
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ciiy^  tiave  iteen  paved  witij  ** Syracuse**  Bricic: 


In 

t892. 

III 
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1900 
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I90L 

In 

1901. 
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I90L 

In 

I90L 

In 
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In 
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In 

1902. 
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York  St  (one  sidei ,  bet.  Chapel  and  Elm  Sts.,  633.3 
Ashmun  St,  bet.  Henry  and  Gregory  Sts.^  2,432.1 
Chapel  St.,  at  and  near  State  St.,  947.6 

Grand  Av.,  bet.  tbe  Mill  and  OuJnnipiac  Rivers,  22,697.1 
Commerce  St.,  bet.  Cong.  Av.  and  Whiting  St.,  2,708,5 
Chapel  St.,  bet.  York  and  State  St3.,  1 3.49 ( .8 

Congress  Av.^  bet.  George  and  Temple  Sts.,  4^206.0 
Crown  St.,  bet.  State  and  Temple  Sts.,  3,567.8 

Elm  St.,  bet.  State  and  York  Sts.,  1 2,377.2 

George  St.,  bet.  State  and  Temple  Sts.,  5,66 1 .2 

Temple  St.,  bet.  Elm  St.  and  Congress  Av.,  7,480.0 
Olive  St,,  t»et.  State  and  Water  Sts.,  10,341.0 

Total 87,546.7  **      •• 

in  i896-'7  at^out  seven  miles  of  ** Syracuse**  bricic  gutters  for  mac- 
admm  and  aspfjstt  pavements  were  laid.  During  the  year  i9Q2,  S4S,000 
''Syracuse*'  ttriclc  were  purchased  by  the  city  for  repairing  pavements 
not  originaiiy  laid  with  ** Syracuse**  brick.  Suae  of  the  above-named 
localities  has  been  repaired  excepting  where  the  pavement  was  torn  up 
for  a  specific  purpose.  The  above  total  area  represents  about  four 
miles  of  streets^ 
I  Very  truly  yours » 

^L  HENRY  J.  KELLOQQ, 

^H  AMBiMtmat  City  Bagta^er, 

^^H  Sew  Mmven,  Cditd* 
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Test  Borings— Exact  Samples 

CORE  DRILL  BORINGS       FOUNDATION  TESTS 

FOUNDATtONS  FOB  HEAVY    ENGINEERING   STHUCTURES   INVESTmATEt 

Samples  of  adl  niAieiiaJs  peniftniied  saved  for  record  mod  mwpec- 
tlon,  Ssjnplet  of  §znd,  gmvet,  quicksand*  dajr.  kardp^Ji.  etc* 
ftlKrwii    in    tame    condirion    as    it    U    from    wbcre    it    is    takctu 

CORE  SAMPLES  FROM  ROCK 

S^mplt%  from  vartout  »tniia  of  rock  eocotintered  for  iaresUgaiin^  ilie  lutsfi  and 
extent  of  rock  in  new  quarries,  mines,  etc     The  actoaJ  stone 

is  brought  up  for  inspection. 

Artesian  Wellt,  Wind  Mills,  Pumps,  DiiUing  HacliiiieiT.  Well  Svf 
Elevated  TanEs  for  Sprinlller  System  of  Fire  Protectioa 

C    L.    QRAINT 

58  Belden  St.,  Hartford,  Conn.        17  Byron  St.,  Providence,  R.  (. 


The  Sessions  Foundry  Co. 


BRISTOU  CONNECTICUT 


Low 
Prices 


Sewer  and  Subway  Wanhole  Castiifs 
Sewer  Catch  Basin  Castings,  etc. 


Prompt  Shipments 


Write  115  for  estimates 
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Deliver)^  at  any  point 


YOU  MAY  CHOOSE  THE  BEST 

W  Situation  Open  3  cents  A    Wod 

ATlrQ  Situation  Wanted  I  1-2  cents   /\z^;—, 
^**^  Miscellaneous  3  cents  -*^Woid 

The    quicicest    and  cheapest  way  to  get  the  beat  tffhnirJ  W^  u  hj 
usicg  Engineering  Sews 

Engineering  News 

220  Broadwaj',  New  York 


The  Stoddard-Brown  Co, 

ENGRA  VERS 

66  CENTER  STREET 
NEW  HA\EN,  CONNECTICUT 


SCHERZER  ROLLING  LIFT  BRIDGES 

art  MnrlcrTi,<>ci€niific.  Economical  and  Efficient,  and  are 
supersedin;^  and  replacinj^  swing  bridges  and  other  old 
and  obsoltrte  types  of  movable  bridges  for  railroads,  elec- 
tric railwaj^s  and  highways  m  all  parts  of  the  World. 


Sehener  Roltinf  Lift  Bridge  tcrasi  Wttt  River,  it  Ktmbsrlir  Avenue,  New  Hiven,  Conn. 


Sclierjer  RoHlnf  till  Bridge  icrott  Newtown  Creek,  at  Vernon  Avenue,  New  Yorti  City. 

More  tban  too  swing  bridge?*  have  already  becu  condemned,  removed  and 
replaced  by  modern  SCHERZER  ROLLING  LIFT  BRIDGES  in  Greater 
New  York,  Chicagjo,  Boston.  Cleveland,  Buffalo.  Saginaw.  New  Haven, 
and  many  other  progressive  cities  In  the  United  Stales  and  Abroad. 

Highest  Award  World's  Fair,  St.  Louis,  1904 
Write  til  for  ia  Form  it  Ion,  FlioloKrapiiB,  Sketches  lod  Estimates 

THE  SCHERZER  ROLLING  LIFT  BRIDGE  COMPANY 

Main  Offices:  Monailnock  Block,  Cliicag:o,  Lf.  S*  A* 

Cftbl«  Addresa  Eutero  Office 

SCHERZER.  CHICAtJO  220  BROAimAY.  NEW  YORK 


The  Edward  Balf  Company 


26  STATE  STREET,  HARTFORD,  CONN. 


GENERAL    TRUCKMEN 
AND      CONTRACTORS 


MOSLER  SAFES  DELIVERED 


riLDING  STONE 

SAND  GRADING 


CRUSHED  STONE 
EXCAVATING 


W.  F.  KEARNS  COMPANY 

161  Devonshire  Street,       Boston,  Mass. 

tNew  England  Agents 
UNIT  CONCRETE  STEEL  FRAME  COMPANY 
PHILADELPHIA,   PA. 
miacturcrs  of  the  Unit  System  of  Re^in forced  Concrete 
...AND.., 
THE  GENERAL  FIREPROOFING  COMPANY 
YOUNGSTOWN,   OHIO 
jwidnufacturers  of  Expanded  Metal,  Metal  Lathlti^,  Metal 
PurringSf  Etc. 


Connecticut  Trap-Rock  Quarries 

INCORPORATED 

CRUSHED  TRAP-ROaC 

FOR  BALLAST,  MACADAM,  CON- 
CRETE,   WALKS,    DRIVES,  ETC 

OFFICE 
lOI  MEADOW  STREET.      NEW  HAVEN,  CONNECTICUTl 


ShipmtnU  by  lUUio  *tt  poinU  rt*ched  by  Yhe  N.  Y„  N.  H.aH.P.ILCo. 


Daily  Capacity  of  Crushers,  4,000  Tons 


SMITH    MIXER 


THE  SMITH  is  the  most 

Bfficaent,  Rapid 

and    Durable 

concrete  mixer  on  the 
market. 

The  great    number   in 
use  makes  it  easy  to  ob- 

tain  information  con- 
cerning  it  from  contract- 
ors throughout  the  Unit- 
ed States. 


Contractors'  Supply  and  Equipnficnt  Co, 


320  Old  Colony  Bldg,  Chicago 


170  Broadway,  New  York 
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C.  W.  llftktAle* 


0.  A.  BlaJl«tU« 


Clurettec  II«ketU< 


C.  W.  BLAKESLEE  &  SONS 


58  Waverly  Street,  New  Haven,  Conn. 


General  Contractors 


Experts  in  Street  Paving  and 
Macadam  Road  Alalcing 


Steam  and  Electric  Railroads,  Bams,  Sewers 
and  Heavy  Masonry  BuHt 

BuildinEi  Stone,  Crushed  Stone  and  Belgian  BlocKs  Ftiraished 
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Keuffel  &  Esser  Company 

127  Fulton  Street,  New  York 

Branches:  Chicago,  St.  Louis,  San  Francisco 

Draiving  Materials 

Surveying    Instru menfs 
Measuring    Tapes 

We  are  the  largest  manufactui^rs 
of  Levels,  Transits,  Sextants^  Com- 
passes, Hand  Levels,  etc.  Our  in- 
struments are  of  most  approved  and 
advanced  construction,  and  have  many 
(patented)  improvements. 

All  requisites  for  field  and  mine 
engineering. 


All  requisites  for  the  Draft- 
ing room.  Paragon,  Key  Brand 
and  other  Draiving  Instruments, 

Blue  Print,  Brown  Print,  Black 
Print  Papers  and  Printing  Appa- 
ratus, also  for  printing  by  Electric 
Light. 

K  &  E  Patent  Adjustable  Engine 
Divided  Slide  Rules,  5,  8,  10,  16,  20  inch. 


K  &  E  Measuring   Tapes 

We  manufacture  Steel,  Metallic,  Linen, 
Cotton  Tapes,  Pocket  Tapes,  Band  Chains, 
Flat  Wire  Tapes,  Etc.  Most  accurate. 
Largest  assortment.     The  best. 

ALL  GOODS  WARRANTED. 


Complete  Catalogs  1906  {550  pages)  on  request. 

Highest}  Grand  Prht^  St.  Louis^    1904 
Awards  (Gold    Medal,  Portland,    1905 
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EXPANDED    METAL 

AND  TWISTED  STEEL  RODS 

FOR  REINFORCING  CONCRETE 

Atlas  and  Giant 

PORTLAND  CEMENTS 


THE 


TTai 


111 

(0 


JSEWJ^AVEN 

Conn,  ' 


EXPANDED    STEEL   LATH 

PAVING  BRICK 


PROMPT  DELIVERtES  MADE  FROM  STOCK  AT 
NEW  HAVEN 
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FRANK  OBERKIRCH.  T^s-.J^-.: 

GEORGE  C  SIMONS.  Sec^-g  ^r>£  r-eu. 


Ji    Jt    Ji    Jt    Jt 


St  Marys  Sewer  Pipe  Co. 


Server  Pipe,  Flue  Linings 
and  all  other  day  products 

St,  Marys,  Pa. 


Paving  aCity  Street 


[AKES  abutting  property  more 
readily  salable  at  a  higher 
price,  and  is  an  investment — 
not  an  expense.  Pave  with  Bitulithic 
and  you  increase  the  value  of  your 
investment,  and  provide  a  Dustless, 
Noiseless,  Sanitary  and  Durable 
street.  One  hundred  and  fifty  cities 
have  tried  Bitulithic  and  have  pro* 
nounced  it  the  Best  Write  for  Com- 
prehensive, Convincing  and  Interest- 
ing literature. 
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WARREN  BROTHERS  COMPANY 

Number  93  Federal  Street  :  Boston,  Massachusetts 
REGISTERED  TRABE  MARKS 


3S 


Genuine 


Rosendale  Cement 


/: 


BEACK^ 


mmm 


:>^ 


Used  in  the  construction  of  nearly  all  the 
Yale  BuHdings,  New  Haven,  Conn. 


Over  one  hundred  miles  of  sewers  in  New  Haven 
were  built  with  Rosendale 


ONE  PROMINENT  AUCMITECT  WRITES 

**t  have  uniformly  specified  and  Insisted  on  your  Cement,  some* 

times  when  others  would  have  been  easier  to  get,  and  have  found 

ft  superior  for  floor  work  to  Portland/' 


CONSOLIDATED  ROSENDALE  CEMENT  CO. 

CEO.  C.  CLEASON,  Sales  Agent 
50  Church  Street  New  York  City 
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THE  PURIFICATION  OF  WATER  BY 
SAND  FILTRATION. 

With  Special  Reference  to  Recent  Improvements  Greatly 
Reducing  Both  Constriction  and  Maintenance  Costs. 

By  William  B.  Fuller,  Consulting  Civil  Engineer,  New  York  City. 

Historical  Slozv  Sand  Filters.  It  is  seventy  years  since  the  first 
slow  sand  filter  plant  was  put  into  operation  in  London,  England, 
Similar  filter  plants  have  been  in  operation  in  Germany  for  fully 
fifty  years  and  in  the  United  States  for  over  thirty  years,  and 
yet  it  has  only  been  during  the  past  ten  years  tliat  much  attention 
has  been  paid  to  the  biological  processes  going  on  within  such 
filters,  and  special  efforts  made  in  construction  to  utilize  these 
processes  in  the  obtaining  of  pure  water.  The  first  London  filters 
>vere  built  as  strainers  to  remove  the  grosser  particles  of  mud  and 
sediment  present  in  the  water,  and  while  they  were  crudely  con- 
structed, regulated  and  operated,  they  fully  servxd  the  purpose 
for  which  they  were  built.  In  Germany,  early  attention  was  given 
to  the  biological  side  and  extensive  studies  made  as  to  the  best 
metJiods  of  construction  and  operation,  and,  as  a  result,  ten  years 
or  so  ago,  Germany  was  far  in  advance  in  the  science  of  puri- 
fication of  water  by  filtration.  In  this  country,  impetus  into 
investigations  relating  to  the  purification  of  w^ater  was  first 
supplied  by  the  State  Board  of  Health  of  Massachusetts,  who, 
in  1887,  began  experiments  in  the  purification  of  sewage  and, 
about  1890,  extended  tlie  scope  of  their  inquiries  to  cover  the 
purification  of  water  as  well. 

This  led,  in  1893,  to  the  building  of  the  Lawrence,  Mass.,  open 
slow^  sand  filtcr,^ — the  first  filter  in  this  country,  built  for  the 
expressed  purpose  of  reducing  water-borne  diseases  by  puri- 
iying  the  water  supply.  Its  success  w^as  instant  and  very  marked, 
but  it  was  not  until  the  building  and  placing  in  operation  of  the 
Albany  filter,  in  1898,  that  we  can  say  that  the  principle  of 
bacterial  purification  of  water  supplies  was  well  recognized  and 
the  general  type  of  slow  sand  filters  in  America  well  established. 
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Historical  Mechanical  Filters.  In  the  meantime,  about  the 
year  1884,  Mr.  J.  W.  Hyatt  patented  a  process  of  using  a  coagu- 
lent  in  the  water  before  filtering,  thus  allowing  a  very  high  rate 
of  filtration  through  much  coarser  sand  than  could  be  used  in 
slow  sand  filtration. 

While  this  method  or  process  came  into  quite  instant  and 
general  use  by  manufacturing  plants  desiring  a  clean  water,  its 
use  for  purifying  drinking  water  was  very  limited  until  after 
the  scientific  side  was  thoroughly  studied  by  Mr.  George  W. 
Fuller  for  the  Louisville  Water  Company  in  1895-97.  The  first 
filters  to  be  actually  put  in  service  on  these  new  lines  were  those 
put  into  operation  at  Little  Falls,  X.  J.,  in  1902,  for  purifying 
the  water  supply  of  Pater  son,  X.  J. 

America  noiv  in  the  Lead.  Since  the  building  of  the  Albany 
filters  in  1898  and  the  Little  l^^alls  filters  in  1902,  there  has  been 
built  in  this  country  a  large  and  constantly  increasing  number 
of  both  types,  each  one  improving  on  its  predecessor  in  both  con- 
struction and  efficiency,  until  now  it  is  well  accepted  that  America 
is  in  the  lead  in  such  work,  and  those  who  wish  to  be  up  in  the 
study  of  filtration  plants  and  methods  must  make  a  careful  study 
of  the  newer  American  plants. 

Slow  Sand  Filters.  The  slow  sand  filter  consists  essentially 
of  a  water-tij:(ht  tank,  provided  with  sufficient  drains  to  carry 
the  filtered  water  to  a  single  outlet.  These  drains  are  covered 
with  a  layer  of  broken  stone  or  gravel  and  this  gravel  is  again 
covered  with  several  other  gravel  layers,  the  gravel  stones  of  each 
layer  decreasing  in  diameter  until  those  in  the  top  layer  of  gravel 
are  of  a  diameter  only  equal  to  coarse  sand.  On  top  of  the  gravel 
layers  is  spread  two  to  four  feet  of  uniformly  graded  sand.  The 
raw  water  enters  the  filter  tank  alxwe  the  top  of  the  sand  layer 
and  is  generally  kept  four  to  six  feet  deep  over  the  sand  layer. 

The  raw  water  passes  slowly  downward  through  the  sand  layer 
until  it  reaches  the  gravel  layers,  where  it  freely  flows  through 
the  gravel  to  the  underdrains  and  thence  to  the  clear  well. 

An  essential  to  the  successful  obtaining  of  pure  water  by  the 
operation  of  slow  sand  filters  is  as  follows:  First,  that  the  raw 
water  does  not  contain  very  large  amounts  of  finely  divided  par- 
ticles of  mud  or  clay;  second,  that  the  sand  layer  is  uniformly 
graded  so  that  the  flow  of  water  through  each  unit  of  area  is  uni- 
form and  does  not  develop  springs  or  breaks  which  would  allow 


Pl^RTFI CATION   OF   WATER   BY    SAND   FILTRATION. 

of  the  direct  passage  of  quantities  of  raw  water  direct  to  the 
undcTdrains:  third,  that  tlie  level  of  the  raw  water  over  the 
sand  be  kept  at  a  uniform  level  during  the  run;  fourth,  that 
the  rate  of  flow  through  the  sand  layer  he  kept  at  a  uniform 
slow  rate;  fifth,  that  the  supporting  gravel  be  so  graded  tliat 
no  particles  of  sand  find  their  way  downward  into  the  underdrain* 

Operation  of  Slow  Satid  Filter.  The  raw  water  passes  slowly 
downward  at  a  rate  of  about  four  inches  per  hour  and  as  a  con- 
sequence of  the  slow*  motion  all  the  dirt  has  time  to  settle  out 
on  the  surface,  or  very  near  the  surface,  of  the  sand  layer,  not 
generally  over  one-half  an  inch  below»  though  sometimes  it 
extends  to  one  to  two  inches  below.  Entangled  with  the  dirt 
are  the  bacteria  of  the  water,  both  the  harmless  and  tlie  harmful, 
the  former,  however,  in  much  the  greater  number.  These 
bacteria  mat  themselves  together  in  a  somewhat  gelatinous  mass, 
to  which  has  been  applied  the  name  '*Schmutzdecke*'  as  given  by 
the  Germans,  The  American  w'ord  ** slimes,*'  as  applie<J  in  gold- 
mining,  seems  to  convey  a  very  much  better  description  of  its 
characteristics. 

OwHng  to  the  minute  voids  between  the  particles  of  the 
Schmutzdockc,  all  the  bacteria  and  fine  mud  or  turbidity  is  held 
back.,  the  Schmutzdecke  continues  to  grow  tiiicker*  the  available 
head  for  forcing  the  water  through  the  filter  is  quickly  used  up 
and  after  a  few  days  the  filter  must  be  cleaned  to  be  able  to 
keep  up  the  required  c[uantity.  The  methods  of  cleaning  and 
their  results  will  be  taken  up  later. 

The  Mechanical  Filter.  The  mechanical  filter  consists  essen- 
tially of  a  water-tight  tank,  provided  at  the  bottom  with  outlet 
pipes  of  sufficient  size  to  take  the  filtered  water  to  the  clear 
well  These  pipes  branch  and  sub-branch  to  all  parts  of  the 
are»  of  the  bottom  of  the  filter  and  are  provided  about  every 
six  inches  with  brass  strainers,  which  let  the  water  away  from 
the  gravel  into  the  pipes  w^ithout  allowing  any  of  the  gravel  or 
sand  to  pass  »n  at  the  same  time.  The  strainers  are  covered  with 
a  thin  layer  of  gravel  larger  than  the  sand  used  for  filtering  and 
made  of  stone,  having  a  higher  specific  gravity  than  that  of  which 
the  sand  is  composed.  Above  the  gravel  is  a  layer  of  sand  having 
a  thickness  of  about  three  feet*  The  sand  is  uniformly  graded 
as  to  size,  hut  the  grains  are  of  a  much  greater  diameter  than 
that  of  the  sand  used  in  slow  sand  filters. 
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The  raw  water  enters  the  filter  above  the  top  of  the  sand 
layer  and  passes  downward  through  the  sand  and  gravel  into 
the  strainer  system  and  thence  to  the  pipes,  by  which  it  is  carried 
•  to  one  point  and  discharged  into  the  clear  well.  The  essentials 
to  the  successful  obtaining  of  pure  water  from  a  mechanical  filter 
are  as  follows :  First,  the  application  at  all  times,  day  and  night, 
without  a  moment's  interruption,  of  the  proper  amount  of  coagu- 
lant to  the  raw  water;  second,  that  the  filter  sand  be  of  uniform 
size,  the  danger  of  breaks  being  greater  than  with  slow  sand 
filters ;  third,  that  the  rate  of  flow  of  water  through  the  sand  be 
maintained  at  a  uniform  rate  during  the  entire  run;  fourth,  that 
the  filter  be  watched  to  see  that  the  turbidity  does  not  work  down 
through  the  sand  layer  before  it  is  time  to  wash. 

Operation  of  Mcclianical  Filters.  The  operation  of  the  filter 
is  similar  to  that  of  a  slow  sand  filter;  the  coagulated  water  passes 
downward  through  the  sand  layer  at  a  rate  of  about  fourteen 
feet  per  hour,  a  rate  too  ^rapid  to  allow  any  of  the  bacteria  to 
act  biologically  as  in  a  slow  sand  filter,  but  still  not  so  great 
but  that  the  coagulated  particles  of  dirt  and  bacteria  are  caught 
and  held  in  the  voids  of  the  sand  particles.  That  is,  this  process 
is  essentially  one  of  straining,  and  depends  entirely  on  the  coagu- 
lation of  the  material  to  be  removed  into  an  aggregate  of  large 
particles  too  large  to  pass  the  voids  in  the  sand.  The  collecting 
of  these  coagulated  particles  in  and  upon  the  sand  soon  stops 
up  the  voids  and  a  greater  and  greater  head  has  to  be  used  to 
force  the  water  through  the  sand  layers.  When  this  head  reaches 
a  predetennined  amount,  the  filter  must  be  shut  off-  and  cleaned. 
The  methods  of  cleaning  and  their  results  will  be  taken  up  later. 

Loss  of  Head.  It  may  be  well  to  explain  here  a  little  more 
fully  what  is  meant  by  loss  of  head. 

When  clear  water  passes  through  the  voids  in  clean  sand,  the 
friction  losses  are  the  same  as  if  the  water  passed  through  innum- 
erable small  crooked  tubes ;  that  is,  if  it  takes  a  pressure  of  say 
two  inches  to  force  a  given  quantity  through  one  foot  of  sand, 
it  takes  double  this  pressure  to  force  the  same  quantity  of  water 
through  two  feet  of  sand.  If,  on  the  other  hand,  the  depth  of 
the  sand  remains  the  same  and  the  voids  are  made  smaller,  the 
pressure  to  force  the  water  through  must  increase  inversely  to  the 
square  of  the  average  diameter  of  the  voids ;  that  is,  if  a  certain 
quantity  of  water  is  being  forced  through  a  certain  thickness  of 
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sand  by,  say  two  inches  of  pressure,  and  if  then  the  voids  are 

reduced  to  half  their  former  diameter  by  being  partly  closed  with 
dirt  and  bacteria,  it  will  take  four  times  as  much  additional 
pressure;^,  or  eight  inches,  to  force  through  an  equal  amount  of 
water.  This  is  the  way  that  all  filters  operate.  They  are  designed 
primarily  to  deliver  a  certain  quantity  of  water  during  a  certain 
period  of  time  and  all  modern  hlters  are  equipped  with  regulators 
or  controllers  which  change  the  head  or  pressure  on  the  sand  layer 
so  that  the  discharge  shall  be  uniform  at  all  times. 

It  is  seen  that  provision  must  be  made,  in  establishing  a  filter 
plant,  for  the  pressure  necessary  to  force  the  required  amount 
of  water  through  the  dirty  sand  layer  and  in  addition,  of  course* 
through  the  necessary  piping  of  the  filters.  This  head  varies 
much  under  local  conditions,  but  ordinarily  it  is  assumed  from 
four  to  seven  feet  for  slow  sand  filters  and  from  eight  to  fourteen 
feet  for  mechanical  filters.  When  a  filter  is  placed  in  an  existing 
gravity  supply,  the  loss  of  head  or  cutting  down  of  pressure  of  the 
supply  is  always  a  serious  matter  and  should  receive  mucli  study 
so  as  to  make  it  a  minimum  consistent  with  good  service.  Where 
it  is  necessary  to  pump,  the  addition  of  a  few  feet  loss  of  head 
more  or  less  does  not  make  any  appreciable  difference. 

Comparison  of  the  Ttvo  Types.  It  is  seen  that  tliere  are  many 
points  of  resemblance  between  the  slow  sand  and  mechanical 
types  of  filters  and  it  is  often,  especially  in  the  Eastern  States, 
that  only  a  very  close  comparative  estimate^  of  original  construc- 
tion cost  and  costs  of  maintenance  will  decide  the  best  type 
to  use  in  a  given  case.  The  slow  sand  filter  is  especially  adapted 
for  the  purification  of  water  relatively  high  in  bacteria  or  algae 
and  not  containing  any  high  periods  of  turbidity.  The  mechanical 
filter,  on  the  other  hand,  is  adaptable  to  all  conditions  of  water  and 
at  all  times  produces  a  clear  and  sparkling  effluent,  much  appre- 
ciated by  consumers  of  water  irrespective  of  its  purification. 

If  absolute  reliability  in  the  application  of  changing  quantities 
of  coagulent  to  the  changing  conditions  of  the  water  could  always 
be  secured,  this  would  become  the  ideal  system. 

Controllers.  In  either  system  good  results  cannot  be  obtained 
unless  a  uniform  quantity  of  water  passes  through  tbe  filters  in 
a  given  unit  of  time.  On  account  of  the  continuously  changing 
head,  caused  by  the  collection  of  dirt  in  the  voids  of  the  sand  as 
previously  explained,  this  is  a  rather  difficult  matter  to  control. 
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and  a  great  many  weirs,  regulators  and  controllers,  some  auto- 
matic and  others  not,  have  been  invented  and  used  on  the  various 
filters  constructed.  Indeed,  this  is  the  one  matter  that  is  not  yet 
down  to  a  standard  and  on  which  the  individual  engineer  con- 
tinues to  exercise  his  ingenuity  and  preference.  At  the  Albany 
slow  sand  filters,  the  regulation  is  by  means  of  submerged  orifices 
controlled  by  hand ;  at  New  Haven  and  Washington  it  is  by 
venturi  meters  controlled  by  hand ;  and  at  Philadelphia  by  auto- 
matic balanced  weirs.  The  regulation  at  the  Little  Falls 
mechanical  filters  is  accomplished  by  automatic  submerged 
orifices,  and  at  Hackensack  by  automatic  balanced  weirs ;  but 
the  newer  mechanical  filters  at  Columbus  and  Cincinnati  are  con- 
trolled by  enclosed  balanced  orifices  working  under  pressure — ^and 
this  seems  to  be  the  coming  type  of  controller  for  both  types  of 
filters,  as  it  has  several  advantages  over  any  of  the  open  types 
of  controller. 

Cleaning  Sand.  We  now  come  to  methods  of  cleaning  the 
sand  of  the  filters,  as  on  these  methods  depend  tlie  efficiency  of 
the  whole  plant,  and  it  is  in  improvements  in  this  line  that  there 
are  very  favorable  indications  towards  a  universal  filter,  that  is, 
one  which  combines  the  advantages  of  both  the  slow  sand  and 
mechanical  types  at  a  much  less  cost  than  either. 

The  original  method  of  cleaning  slow  sand  filters,  and  one  still 
in  very  general  use,  is  to  lower  the  water  to  below  the  level  of 
the  top  of  the  sand  and  to  scrape  off  the  top  of  the  sand  to 
as  great  a  (lei)th  as  the  dirt  ai>pcars  to  have  penetrated,  loading 
the  dirty  sand  into  wheelbarrows  and  wheeling  it  into  a  court 
where  it  is  st()re(l  until  washed  and  replaced.  This  process  goes 
on  after  each  successive  filter  nm  until  ultimately  one  and  one- 
half  to  two  feet  of  sand  have  been  removed  from  the  filter,  when 
about  six  inches  of  the  remaining  sand  is  spaded  up  loosely  and 
the  washed  sand  from  the  ctnirt  is  wheeled  back  and  the  sand 
brought  to  its  original  level.  This  process  requires  a  large 
atntnnit  of  la])or  and  holds  a  filter  out  of  active  service  for  many 
(lays,  so  it  is  not  strange  that  endeavors  have  been  made  to 
decrease  the  labor  and  time  out  of  service. 

At  Philadelphia  and  Washington,  advantage  is  taken  of  the 
transj^orting  |>tnver  of  water  under  pressure  and  the  Schmutz- 
decke  is  shoveled  into  a  portable  hopjx^r  supplied  with  water 
under  pressure.    This  water  takes  up  the  sand  in  suspension  and 
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transports  it  tlirough  a  series  of  pipes  to  a  sand  washer  ix\  the 
court,  from  which  it  is  deHvered  nicely  washed  and  cleansed  to 
bins  in  the  court.  When  the  time  comes  for  replacing 4he  sand, 
it  is  put  back  in  the  filters  by  wheelbarrows  or  carts  about  as 
previotisly  described.  The  next  step  in  advance  is  typified  by  the 
method  in  use  here  at  New  Haven.  One  filter  is  kept  continu- 
ously out  of  service  and  the  sand  is  scraped,  put  into  an  ejector 
and  transported  to  the  sand  washer  as  previously  described. 
Instead  of  then  being  discharged  into  bins  or  piled  up  in  open 
courts,  it  is  again  taken  up  by  the  pressure  water  and  carried  to 
a  receiving  basin  in  the  filter  out  of  service,  from  which  place  the 
dirty  wash  water  flows  away  to  the  sewer  and  the  clean  sand 
is  spread  in  the  filter.  When  one  filter  is  refilled,  it  is  put  in 
service  and  the  receiving  basin  changed  to  another  filter  held 
out  of  service.  This  is  an  ideal  way  of  handling  the  sand  wash- 
ing question  and  on  a  small  filter  plant  like  that  at  New  Haven 
gives  an  air  of  neatness  and  order  which  is  very  sadly  lacking 
about  all  other  slow  sand  filter  plants. 

The  next  step  has  been  essayed  by  the  Pittsburg  filter  plant, 
where  an  attempt  is  to  be  made  to  do  by  machiner>^  w^hat  has 
heretofore  been  done  by  hand  labor.  This  plant  is  not  in  nm- 
ning  order,  as  yet,  but  the  apparatus  is  all  purchased  and  in  place 
and  ready  to  run. 

Instead  of  men  scraping  up  the  Schmutzdecke  and  throwing 
it  into  an  ejector,  this  work  is  done  by  a  scraping  machine  rolling 
along  on  rails  supported  by  the  piers  and  operated  by  electricity, 
one  man  operating  the  machine  and  gauging  the  depth  of  cut  and 
the  speed  of  travel ;  tlie  dirty  sand  is  automatically  fed  to  an 
ejector  and  carried  to  the  sand  washer  by  water  under  pressure, 
and  from  there  to  a  filter  out  of  service,  as  described  for  New 
Haven-  The  receiver,  however,  in  the  Pittsburg  case  is  an  elabor- 
ate affair  operated  by  electricity  and  is  so  arranged  that  as  the 
sand  and  water  enters,  the  water  o%'erflows  to  a  sewer »  while  the 
sand  is  dredged  up  and  conveyed  to  special  conveyors  which 
spread  the  sand  in  an  uniform  layer  as  the  machine  travels 
ahead. 

Draining  and  RefiUing.  Preliminarv^  and  subsequent  to  the 
scraping  and  cleaning  operations,  as  outlined  above  for  slow  sand 
filters,  it  is  necessar}^  first  to  drain  the  water  od  the  bed.  This  is 
usually  done  by  shutting  off  the  raw  water  inlet  and  allowing  the 
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water  left  in  the  filter  to  filter  through  the  sand.  On  account 
of  the  constantly  decreasing  head,  the  rate  of  filtration  becomes 
slower  and  slower  and  it  generally  takes  twelve  hours  for  all  the 
water  to  disappear.  If  in  a  greater  hurry,  valves  above  the  sand 
line  can  be  opened  and  this  water  run  to  waste.  On  account 
of  the  cost  and  general  scarcity  of  water  at  most  plants,  this  is 
rarely  done,  however. 

After  the  filter  is  scraped  and  cleaned  and  ready  to  be  put 
into  service,  it  must  be  refilled  up  to  the  high  water  line.  On 
account  of  the  water  being  drawn  below  the  sand  level  during 
scraping,  it  becomes  necessary  to  refill  from  below  until  the  water 
reaches  above  the  sand  layer,  so  as  to  drive  all  the  air  out  of  the 
filter  sand  as  the  water  rises.  Filtered  water  has  to  be  used 
for  this  purpose  in  order  not  to  contaminate  the  underdrains, 
and  suitable  piping  is  generally  provided  to  take  this  water  from 
an  adjacent  filter.  It  is  necessary  that  this  refilling  with  filtered 
water  take  place  very  slowly,  otherwise  pockets  of  air  will  form 
which  will  seriously  interfere  with  the  regularity  of  the  rate  of 
filtration  of  the  next  run.  Ordinarily  about  six  or  eight  hours 
are  allowed  for  this  operation.  After  the  refilling,  the  filter  is 
started  on  its  run,  but  it  cannot  be  started  at  full  rate  at  first, 
as  the  Schmutzdecke  and  great  numbers  of  the  nitrifying  bacteria 
have  been  removed  in  the  process  of  scraping  and*  it  is  necessary 
for  sonic  time  to  elapse  before  a  new  Schmutzdecke  can  be  started. 
It  is  therefore  customary  to  start  a  filter  at  about  one-sixth  its 
full  rate,  increasing  the  rate  by  one-sixth  additional  about  every 
twelve  hours,  taking,  therefore,  about  three  whole  days  before 
the  filter  reaches  its  normal  rate  and  really  constituting  a  delay 
of  about  one  and  one-half  days  to  charge  against  the  full 
operation  of  the  filter. 

CI  calling  Mechanical  Filters.  The  cleaning  of  a  mechanical 
filter  has  reached  standard  practice  and  is  much  more  simple  than 
as  above  described  for  slow  sand  filters. 

When  ready  to  be  cleaned,  the  raw  water  supply  pipe  and  the 
eflluent  pipe  to  the  clear  water  well  are  closed  and  filtered  water 
is  pumped  at  a  rapid  rate  backward  through  the  pipes  and  upward 
through  the  strainer  system  through  the  sand;  this  scours  all  the 
dirt  from  the  sand  no  matter  how  deeply  the  dirt  has  penetrated, 
and  it  floats  upward  with  the  w-ater  and  is  carried  oflF  to  a  sewer. 
Ten  or  fifteen  minutes  of  this  reverse  current  is  sufficient  to 
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remove  most  of  the  dirt  and  allow  oi  the  fiher  to  be  started  in 
its  usual  way.  On  account  of  the  relative  small  aroount  of  water 
on  top  of  the  sand*  this  is  generally  wasted  with  tlie  wash  water, 
and  on  account  of  the  coagulated  particles  being  ^  lai^  that 
riicy  will  not  pass  the  sand  voids  even  when  the  sand  is  dean,  it 
is  not  necessary  to  start  the  ftlter  at  slow  rates,  but  it  may  be 
started  at  ftill  rates  at  once.  It  is  necessary,  however,  to  use 
filtered  water  for  the  entire  operation  of  washing,  and  as  tiiis 
amounts  to  about  three  per  cent,  of  the  entire  supply,  it  is  usually 
quite  an  added  cost  to  this  t>-pe  of  filtration.  This  method  of 
cleaning  the  sand  is  veni'  rapid,  however,  as  the  entire  operation 
scarcely  required  more  than  fifteen  minutes. 

Reserve  Areas  Due  to  Methods  of  Cleaning,  We  hare,  as  out- 
lined above,  a  very  great  difference  in  cleaning  the  sand  in  two 
types  of  filtration,  and  it  is  these  different  methods  of  cleaning 
which  have  kept  the  two  tj-pes  so  distinct,  as  there  appears  to 
be  a  direct  ratio  between  the  rate  of  filtration  and  the  time  that 
can  be  allowed  for  cleaning.  For  example,  we  will  asstmie  that 
about  seventh'  million  gallons  of  water  will  pass  a  slow  sand 
filter  betv^een  cleanings  when  the  filter  is  run  at  a  rate  of  three 
million  gallons  per  acre  per  day.  That  is.  the  filter  would  run 
about  twenty-three  days,  then  it  must  be  cleaned,  and  we  have 
twelve  hours'  draining,  twelve  boors'  scraping  and  thirty-six 
hours*  refilling,  starting  up  and  regaining  full  rate. — or  ti*o  and 
one-half  days  lost,  equal  to  2.5/23.5  or  ten  per  cent,  of  the  total 
time  the  filter  is  in  use.  This  means  that  to  obtain  the  required  out- 
put it  would  be  necessar>^  to  build  ten  per  cent,  more  filter  capacity 
than  is  really  required.  The  example  cited  is  vcr)*  conservative, 
because  most  filter  plants  as  constructed  have  allowed  for  fifteen 
per  cent,  out  of  service. 

.\ssume  now  that  there  could  be  no  improvement  in  the  period 
between  cleanings  and  it  was  otherwise  possible  to  run  the  filter 
at  a  rate  of  nine  million  gallons  per  acre  per  day.  three  times  the 
rate  in  the  above  example.  We  would  have  the  filter  running 
seven^'-ninths,  equal  to  say  eight  days,  and  then  witli  two  and 
one-half  days  lost  in  cleaning,  the  filter  would  be  out  of  senHcc 
2.5/10.5,  equal  to  t\%ent)'  per  cent  of  tlie  time,  and  it  would  be 
iieccssar>*  to  construct  twent)'  per  cent,  extra  filters  in  order  to 
keep  up  the  required  output.  It  is  readily  seen  from  the  above 
examples  that  if  any  improvement  in  rale  of  filtration  can  be 
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affected,  corresponding  greater  improvements  must  be  made  in 
the  methods  and  tim«  consumed  in  cleaning — otherwise  the  added 
cost  of  constructing  additional  filters  to  compensate  for  time  out 
of  service  would  more  than  offset  the  advantages  gained  by  the 
higher  rate.  That  such  improvements  are  possible  is  shown  by 
the  mechanical  filter  method  of  washing,  which  is  done  so  quickly 
that  practically  no  reserve  filter  area  is  required.  For  example, 
with  seventy  million  gallons  per  acre  between  cleanings,  120 
million  gallon  rate  per  acre  per  day  will  take  a  run  of  seven- 
twelfth  days  or  fourteen  hours;  allowing  one-quarter  hour  for 
cleaning,  we  have  the  reserve  required  at  .25/14.25,  or  two  per 
cent.  This  at  once  suggests  a  strainer  system  and  method  of 
washing  for  a  slow  sand  filter  similar  to  that  of  a  mechanical 
filter,  but  the  cost  of  a  brass  strainer  system  and  of  a  proportion- 
ate amount  of  water  as  used  in  the  mechanical  type  absolutely 
prohibits  its  use  with  slow  rates  of  filtration. 

Other  Methods  of  Cleaning.  The  problem  as  presented  above 
was  presented  to  the  speaker  about  a  y^ar  and  a  half  ago  in  taking 
up  the  design  of  filters  for  the  New  York  City  Croton  supply. 
From  previous  knowledge  it  appeared  extremely  probable  that 
good  bacterial  purification  could  be  obtained  at  as  high  a  rate 
of  filtration  as  ten  million  gallons  per  acre  per  day,  and  the 
problem  resolved  itself  into  obtaining  a  method  of  cleaning  the 
sand  which  would  not  occupy  over  two  hours  per  acre  of  surface 
and  to  design  filters  for  this  end.  After  careful  consideration, 
two  methods  presented  themselves  as  a  solution.  The  first  was  a 
method  of  cleaning  which  had  been  in  use  for  about  a  year  pre- 
viously on  some  open  filters  in  Brooklyn.  It  consisted  of  lower- 
ing the  water  on  the  filter  to  be  cleaned,  to  one  inch  of  depth. 
and  then,  while  opening  an  outlet  to  the  sewer,  to  maintain  a 
stream  one  inch  deep  over  the  surface,  at  the  same  time  agitating 
the  surface  with  rakes,  thus  stirring  all  the  dirt  from  the  top 
of  the  sand  and  having  it  carried  away  to  the  sewer.  This  pro- 
cess, as  can  be  seen,  was  very  simple  and  cheap,  and  offered  great 
possibilities.  The  second  j)rocess  was  presented  by  the  Blaisdell 
Filtration  Company  of  Los  Angeles,  Cal.,  who  had  patented  and 
operated  for  some  three  years,  at  Yuma,  Ariz.,  a  machine  which 
washed  the  sand  in  place  in  the  filter  without  moving  the  water 
from  the  top  of  the  sand. 

Experimental  Station.  In  view  of  the  grave  importance  of  the 
issues  at  stake,  it  was  determined  by  those  in  authority  to  build 
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a  small  experimental  filter  and  try  out  the  two  proposed  methods 
of  cleaning,  as  well  as  the  ten  million  gallon  per  acre  daily  rate 
at  which  it  was  believed  tliat  Croton  water  could  be  filtered  with 
good  bacterial  purification.  This  filter  was  built  and  has  been 
rimning  nearly  a  year,  and  without  going  into  details,  it  may  be 
stated  that  good  bacterial  purification  of  Croion  water  up  to 
I  rates  of  ten  million  gallons  per  acre  daily  can  be  obtained  without 
[any  question;  indeed,  the  rate  can  be  increased  to  twenty-five 
or  thirt}'  million  gallons  per  acre  daily  without  any  material 
reduction  in  the  bacterial  purification  obtained* 

Brower  Process  of  Washing,  Washing  the  filters  by  the  Browcr 
process,  diat  is,  by  the  process  as  first  described  above  as  being 
used  in  Brooklyn,  was  also  a  success  and  is  a  process  which  can 
[be  used  on  a  large  scale  with  waters  similar  to  the  Croton,  but 
it  had  the  disadvantage  of  the  loss  of  time  due  to  lowering  the 
w^ater  above  the  filter  surface  down  to  one  inch  and  when  the 
washing  was  finished,  refilling  again,— this  taking  too  large  a 
percentage  of  time  when  using  high  rates. 

Blaisddl  Washer,     The  other  system  of  washing,  called  the 
Blaisdell  system,  has  proved  an  unqualified  success,  and  it  is  this 

I  system  and  the  possibilities  it  opens  up  of  combining  the  good 
points  of  both  the  slow  sand  and  mechanical  types  at  a  much 
lower  first  cost  and  cost  of  maintcmance  than  has  been  yet 
developed  by  either  type  separately,  that  I  w  ish  especially  to  call 
to  your  attention. 

The  Blaisdell  washing  machine  is  a  product  of  the  West,  and  is 
the  outcome  of  a  desire  for  clear  water  on  the  part  of  the  small 
town  of  Yuma,  Ariz,    This  town  is  on  the  Colorado  River,  whose 
f  waters  are  very  turbid,  practically  all  the  time.     Filtration  of 
this  water  by  slow  sand  filtration  was  manifestly  out  of  the  ques- 
tion, so  the  problem  was  turned  over  to  one  of  the  meclianical 
[filter  companies,  who  installed  a  plant  which  failed  to  improve 
[the  water  and  was  abandoned.    The  Blaisdell  Company  then  built 
land  installed  the  first  crude  washing  machine  and  it  has  been  in 
[operation   for  about   four  years,  delivering  clear  water  to  the 
[town  of  Yuma  by  clarifying  a  water  heavily  charged  witli  mud, 
Iwithout  the  use  of  a  coagulent  and  at  a  maintenance  cost  of 
>  almost  nothing.    At  Yuma  no  attempt  was  made  to  ascertain  the 
bacterial  efficiency  of  the  filtrate,  the  only  desire  being  to  get 
dear  water,  but  the  company,  realizing  the  importance  of  demon- 
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strating  this  point  as  well  as  having  an  exhibition  machine  easily 
accessible  and  working  on  Eastern  waters,  offered  to  New  York 
City  to  erect  a  machine  at  the  experimental  station,  where  its 
operations  and  the  bacterial  purification  of  the  effluent  walcr 
could  be  always  under  the  eyes  of  the  trained  assistants  in  charge 
of  the  laboratory  and  station. 


Xiir 


IU.M5UELL    FILTER    SAND    VVaSHIMi    MACHlMfc   AT    VCMA,    ARtZONA. 

Showing   first    machine   constructed   for   washing   open    filters.     ^' 
machine  has  been  in  operation  about  four  years. 

The  machine  has  been  in  operation  about  six  montlis,  suflkiaJl 
to  bring  out  many  important  points  and  to  modify  many  of  tht 
ideas  prevalent  in  regard  to  slow  sand  filters. 

As  has  been  said  before,  this  machine  washes  the  sand  in  plaff 
in  the  filter  without  remo%nng  the  water   from  over  the  sani 
There  is  therefore  no  delay  in  first  draining  the  filter,  h'"'  '^' 
washing  can  be  done  at  any  time,  the  only  preparation  btr 
shut  down  the  effluent  gate.    On  completing  the  washing,  ai 
is  necessary  is  to  open  the  effluent  gate  and  the  filtratiott 
on  as  before.     In  this  respect  it  resembles  the  methods  of  v, 
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ing  mechanical  filters,  and  completely  sulves  the  (|uestions  of  time 
out  of  service  and  percentage  of  reserve  filters  at  high  rates,  for 
as  many  machines  as  necessary  can  be  concentrated  on  the  clean- 
ing of  any  one  filter  so  as  to  make  the  time  of  cleaning  a 
negligible  quantity  insteac]  of  one  of  the  most  important  elements 
in  slow  sand  filtration  as  at  present. 


WASHING   &OX   OF    FILT£k-WA&UtNG  MACHINE* 

Wtth  one  side  removed »  showing  revolving  wheel  and  teeth,  and  wash- 
tter  entering  through  teeth » 


The    Blaisdcll    IVasUing    Machine.      The    Blaisdell    washing 

ftchine  consists  of  an  inverted  open  box  about  four  feet  square 

two  feet  deep.     This  box  is  sunk  under  the  water  of  the 

r  to  the  sand  surface  and  is  held  in  position  and  operated 

ym  a  platform  above»  which  platform  is  movable  on  rails  sup- 

tcfl  by  the  piers  of  the  filter,    Tlie  box  contains  a  revolving 

DW  axle  and  a  hollow  head  from  which  hollow  teeth  project 

the  sand  any  desired  distance. 

I  By  means  of  suitable  electrically  driven  mechanism,  all  under 

control  of  one  operator,  the  box  can  be  raised  or  lowered 
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and  the  platform  can  he  moved  forward  or  backward  or  side- 
ways. By  movinp^  the  platform  the  box  is  caused  to  slide  over 
the  surface  of  the  sand  at  a  speed  of  about  ten  feet  per  minute, 
while  at  the  same  time  the  hollow  head  and  teeth  are  made  to 
revolve  slowly,  stirring^  the  sand  mechanically.  Water  under  a 
pressure  of  ten  to  twenty  pounds  per  square  inch  is  introduced 


Gui<ie  Gt  S(^p^^ 


SKETCH    SHOWING   WASHING    CHAMBKR    OF    RLAISDELL   FILTER    SAND 
WASHING    MACHINE. 

Operation— TW  chamber  being  slowly  moved  ahead  sliding  on  its 
shoes  over  the  sand  surface,  water  is  forced  through  hollow  shaft  "A"  to 
the  hollow  rim  <n"  the  wheel  **  B  "  and  thence  to  the  hollow  teeth  **  C  '* 
through  fine  perforations  into  the  sand ;  the  dirty  water  from  the  washed 
sand  being  drawn  away  from  the  washing  chamber  through  suction 
pipe  *'  D." 

throuj^h  the  hollow  axle,,  head  and  teeth  and  passes  in  strong,  fine 
>trcanis  into  the  sand  throuiT^h  fine  holes  in  the  teeth. 

A  suction  pump  connected  with  the  top  of  the  box  is  made  to 
draw  away  just  a  little  more  water  than  is  supplied  through  the 
teeth  and  thus  carries  away  and  discharges  to  a  sewer  all  the 
dirt  which  has  been  stirred  and  washed  from  the  sand. 

( )n  account  of  some  water  being  drawn  inward  from  the  filter 
into  the  box  luider  its  edges  through  the  sand  to  make  up  the 
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deficiency  between  the  amount  pumper]  out  and  that  let  in  through 
the  teeth,  none  of  the  dirt>'  water  escapes  from  the  box  into  the 
filter,  but  is  all  carried  away  and  discharged  through  a  flexible 
hose  into  the  sewer. 


1 


Filter  witii  water  flrawii  on  sliOAving  clean  sand  alter  passage  of  wash- 
ing machine  and  dirty  sand  on  each  side. 

Tlie  box  is  slowly  moved  aJiead  over  the  sand  and  thus  every 
part  of  the  sand  surface  is  gone  over  and  cleaneti,  after  which 
die  machine  is  lifted  from  the  filter  and  filtration  started. 

All  of  the  operations  of  the  machine  are  at  all  times  easily  under 
the  control  of  one  operator  by  simply  throwing  electrical  switches. 

The  machine  as  installed  at  the  Jerome  Park  Ex|3eriment 
Station  is  an  entire  redesign  of  the  one  at  Yuma,  having  been 
designed,  set  up  and  operated  by  the  company's  Eastern  repre- 
sentative, Mr,  Geo.  P.  Baldwin,  an  eminent  mechanical  engineer, 
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tlirough  whose  attention  to  minute  details  a  tlioroughly  strong 
and  sei-viceable  machine  has  been  constructed, — one  which  has 
worked  right  from  the  first  day  in  service  and  by  so  doing  has 
contributed  greatly  to  the  success  of  the  experiments. 

Uncovered  filters.     One  of  the  advantages  apparent  with  the 
Blaisdell  machine  is  the  possibility  of  using  uncovered  filters  even 
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Showing  method  of  cutting  channel  through  ice  for  use  in  open  fihers 
during  winter, 

in  cold  climates,  the  machine  working  under  the  ice  in  wnnter. 
The  box  is  supported  and  guided  by  two  guides,  one  of  which 
follows  directly  behind  the  other,  so  that  by  providing  an  ice 
cutter  forward  cutting  a  strip  through  the  ice  six  inches  wide, 
the  box  can  be  moved  forward  on  the  sand.  Such  an  ice  strip 
is  easily  cut  by  an  electrically  driven  revolving  cutter. 
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Effects  of  the  Use  of  the  Machine.  The  noticeable  eflfects  of 
the  machine  on  the  sand  of  the  filter  bed  are  as  follows: 

First,  it  removes  all  air  from  the  bed*  This  is  particularly 
noticeable  as  it  is  necessary  to  provide  an  air  vent  from  the  top 
of  the  box  to  above  the  water  surface. 

The  removal  of  the  air  from  the  bed  brings  the  entire  area 
of  the  filter  into  active  operation  and  produces  uniform  rates 
of  filtration  over  the  entire  surface,  results  which  it  has  been 
practically  impossible  to  obtain  previously  in  slow  sand  filters. 

Second,  it  cleans  the  sand  to  any  depth  dependent  on  the  length 
of  teeth  used.  This  prevents  the  gradual  downward  penetra- 
tion of  turbidity  which  ultimately  shows  itself  in  the  fiJtrate  in 
slow  sand  filters  and  shows  how  highly  turbid  waters  can  be 
filtered  without  tlie  use  of  coagtilents. 

The  turbidity  is  all  caught  and  held  b}^  the  new,  clean  sand, 
and  with  long  teeth  is  all  washed  out  before  the  next  run,  leaving 
new  sand  to  store  the  mud  as  before. 

In  slow  filters,  some  of  the  turbidit>^  penetrates  to  below  the 
depth  of  scraping,  and  all  that  does  so  is  ultimately  washed  into 
the  effluent. 

Third,  it  hardens  and  settles  the  bed  so  that  the  voids  between 
the  sand  become  smaller,  and  the  bed  being  more  compact,  is 
much  less  liable  to  contain  veins  or  springs  through  which  the 
raw  water  will  reach  the  underdrains  un filtered. 

Fourth,  the  tendency  of  the  washing  is  to  bring  the  fine  par- 
ticles of  sand  to  the  surface;  this  is  where  tliey  are  the  most 
effective  in  holding  back  the  turbidil:\^  and  starting  a  Schmutz- 
decke. 

Results  of  Tests.  The  removal  of  bacteria  and  turbidity  have 
invariably  been  superior  to  any  other  method  of  cleaning,  and  this 
is  so  even  immediately  after  cleaning,  so  there  is  not  that 
necessity  of  starting  up  at  slow  rates  to  ripen  the  filter.  There 
are  certain  methods  of  producing  a  thin  Schmutzdecke  directly 
to  the  rear  of  the  machine  which  promise  good  bacterial  results 
from  the  first  start  of  the  filter,  but  these  have  as  yet  not  been 
worked  out  practically. 

Results  as  Affecting  Costs  of  Cofistruction.  The  use  of  a 
Blaisdell  washing  machine,  as  outlined  above,  makes  possible  for 
the  first  time  the  use  of  comparatively  high  rates  on  slow  sand 
filters,  say  from  ten  to  thirty  million  gallons  per  acre  per  day. 
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This,  of  course,  reduces  the  area  of  the  filters  necessary  to  con- 
struct for  a  g^ven  output  to  one-third  to  one-tenth  of  the  area 
required  for  a  slow  sand  filter,  and  this  area  does  not  necessarily 
have  to  be  covered  as  the  machine  should  work  below  the  ice 
in  winter  as  nearly  as  well  as  it  works  in  tfie  summer. 

The  cost  of  construction  can  therefore  be  brought  to  one-half 
to  one-fifth  that  of  the  standard  slow  sand  filter  type. 

Results  as  Affecting  Maintenance  Costs.  The  use  of  a  Blaisdell 
washing  machine,  as  outlined  above,  reduces  greatly  the  cost  of 
maintenance.  Only  one  operator  is  required  and  as  one  machine 
can  easily  take  care  of  five  acres  of  filter  surface,  it  is  only  in 
operation  a  very  small  part  of  the  time  on  an  ordinary  sized  filter. 
Less  than  five  horse-power  is  required  to  run  the  machine  under 
ordinary  conditions. 

The  cost  of  operation  even  during  periods  of  great  turbidit}* 
should  not  exceed  one  dollar  per  million  gallons. 

Conclusions.  It  is  believed  that  the  washing  machine,  as 
described  above,  will  so  reduce  costs  that  a  large  number  of 
small  water  supplies  which  have  been  prohibited  from  filtering 
their  supplies  on  account  of  cost,  will  be  enabled  to  erect  filter 
plants  and  filter  their  supply  to  the  great  benefit  of  communities 
dependent  on  them,  and  it  is  predicted  that  the  development  of 
this  machine  will  advance  the  science  of  filter  construction  even 
more  than  has  been  the  case  in  the  past  ten  years. 

Nine  slides  were  then  shown,  giving  an  idea  of  the  construction  and 
operation  of  the  Blaisdell  washing  machine  and,  by  way  of  contrast,  the 
method  of  cleaning  sand  at  Osaka,  Japan. — Ed. 
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By  Hcmy  R,  Buck,  Mem,  Conn.  Soc.  C,  E, 


Since  October  4,    1905,   I   have  had  the  pleasure  of  being 

connected  with  the  Connecticut  State  Boundary  Line  Com- 
mission as  engineer  in  charge  of  the  re-survey  and  marking 
of  the  Massachusetts-Connecticut  state  line.  One  of  the  most 
interesting  of  the  many  duties  which  came  up  in  connection  with 
this  oldest  and  longest  of  the  state's  boundaries  was  the  look- 
ing into  the  records  for  reasons  for  some  of  the  irregularities 
which  exist,  and  it  occurs  to  me  that  a  little  of  this  bistor>'  may 
be  entertaining  to  you  as  well  as  a  brief  account  of  the  field 
methods  used  in  the  actual  survey. 

Mr,  C,  W.  Bo  wen,  in  his  '*  Boundary  Disputes  of  Connecticut," 
has  paraphrased  this  history  very  accurately,  and  there  is  a 
wealth  of  unused  material  at  the  state  capitols  in  both  Hartford 
and  Boston. 

On  account  of  the  discoveries  of  the  Cabot s  in  1494  and  1497, 
England  claimed  the  right  to  govern  all  this  part  of  the  country. 
The  rights  of  settlement  in  the  land  between  New  Jersey  and 
the  St.  Lawrence  w^ere  given  in  1620  to  the  ''Council  of  Ply- 
mouth for  the  affaires  of  New  England/'  This  council  in 
1627  sublet  to  John  Endicott  and  others  their  rights  in  the 
territory  from  three  miles  north  of  the  Merrimac  River  to 
three  miles  south  of  the  Charles,  and  from  sea  to  sea.  This 
was  the  Massachusetts  patent*  later  confirmed  by  Charles  I, 
and  the  line  then  established  three  miles  south  of  the  Charles 
is  tlie  basis  of  the  present  northern  boundary  of  the  State  of 
Connecticut. 

The  point  where  the  line  crossed  the  Connecticut  River  early 
became  a  matter  of  importance.  The  settlers  maintained  a  fort 
at  Fenwick,  and  though  Springfield  at  first  thought  herself 
in  Connecticut*  and  helped  pay  the  expenses  of  this,  she  later 
refused  to  do  so  on  the  ground  that  she  was  within  the  limits 
of  Massachusetts.  Both  parties  of  colonists  claimed  the  right 
to  settle  and  tax  Westfield. 
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After  some  negotiations  Massachusetts,  without  the  con- 
currence of  Connecticut,  hired  Nathaniel  Woodward  and  Solo- 
mon Saffery  to  determine  the  line  at  the  Connecticut  River. 
They  first  established  a  point  "three  miles  south  of  the  river 
Charles"  and  found  its  latitude.  Then  traveling  around  through 
Providence  and  Hartford  they  took  similar  observations  at 
Bisseirs  Ferry,  which  they  said  was  also  on  the  boundary  line. 
As  a  matter  of  fact,  it  is  fourteen  miles  south  of  it.  They  made 
another  more  harmful  error  in  their  starting  point,  because, 
instead  of  measuring  south  three  miles  from  the  river  Qiarles 
they  measured  from  Wrentham  Pond,  which  is  itself  over  four 
miles  south  of  the  Charles  and  a  tributary  to  it.  By  their  hog 
yoke  quadrant,  or  whatever  instrument  they  used,  they  deter- 
mined the  latitude  of  this  point  as  41-55,  while  it  really  is  about 
42-01. 

Just  how  far  the  Massachusetts  state  authorities  were  know- 
ingly responsible  for  this  poor  work  is  now  of  no  importance. 
Probably  Connecticut  was  to  blame  as  well  as  they,  for  the 
fact  that  she  was  not  represented  in  the  survey.  This  fact  alone 
has  been  the  cause  of  disputes  lasting  nearly  two  hundred 
years,  of  a  great  permanent  loss  of  valuable  territory  to  Con- 
necticut, and  of  feelings  of  interstate  hostility  which  must  have 
been  of  great  harm  to  both  sides.  Engineers  more  than  any 
other  professional  men  know  that  the  time  to  settle  a  dispute 
is  before  it  arises,  and  that  the  only  sure  way  to  settle  a  boundary 
line  is  for  both  sides  to  agree  to  it  on  the  ground.  If  both  states 
had  had  engineers  on  the  survey  of  1642,  it  is  inconceivable  that 
such  blunders  could  have  been  made.  Although  Connecticut  pro- 
tested against  the  line  as  then  determined,  she  did  nothing  but 
protest,  and  as  it  was  the  only  sort  of  survey  in  existence,  it  was 
partially  accepted  for  over  fifty  years.  The  result  may  be  seen  by 
a  glance  at  any  map  of  the  whole  state.  Wrentham  Pond  is  north 
of  the  northeast  corner  of  Rhode  Island.  A  line  from  a  point 
three  miles  south  of  this  to  Bissell's  Ferry  was  the  line  to  which 
Massachusetts  claimed  jurisdiction.  It  passes  through  the  present 
town  of  Woodstock  and  as  far  south  as  Stafford  Springs.  Massa- 
chusetts settled  and  governed  lands  in  North  Woodstock  and 
the  whole  of  Enfield  and  Sufficld,  and  collected  taxes  from  them 
exactly  as  in  any  otlier  part  of  the  Commonwealth. 

Towards  the  end  of  the  seventeenth  century  the  conflicting 
claims  between  Massachusetts  and  Connecticut  settlers  in  Suffield 
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and  Enfield  became  so  acute  that  Connecticut  determined  to  have 
the  Woodward  and  Saffrey  survey  checked.  Massachusetts  was 
asked  to  join,  but  neglected  to  do  so,  and  in  1695  John  Butcher 
and  William  Whitney  made  latitude  observ^ations  which  agree 
fairly  well  with  present  results.  Massachusetts  objected  strongly, 
saying  that  the  old  line  had  been  established  so  long  ago  that  it 
should  not  now  be  disturbed,  and  the  conflict  among  the  settlers 
continued*  Several  sets  of  commissioners  were  appointed  and 
reported  various  plans  for  dodging  the  line  around  the  disputed 
territor>%  but  all  failed  to  agree,  and  in  1709  memorials  were 
sent  by  botli  states  to  their  agents  in  England  to  ask  Queen  .\nne 
to  settle  the  bounda^v^  Nothing  whatever  came  of  this ;  in  fact, 
the  appeal  was  never  officially  made  to  the  Court.  Both  sides 
were  fearful,  perhaps,  of  the  radical  and  arbitrarj^  changes  which 
a  poorly-informed  and  only  slightly  interested  monarch  might 
make. 

Finally,  in  1713,  Massachusetts  and  Connecticut  each  appointed 
commissioners  with  full  power  to  decide  all  controversies.  Sam- 
uel Partridge,  John  Pyncheon  and  William  Dudley  were  com- 
missioners for  Massachusetts;  William  Pitkin  and  William 
Whiting  for  Connecticut.  An  instrument  was  signed  July  13, 
17 1 3,  whereby  Connecticut  agreed  to  accept  the  error  in  the 
starting  point,  and  that  instead  of  beginning  three  miles  south 
of  the  Charles  River,  they  should  confirm  Woodward  and 
Saffrey's  station  three  miles  south  of  Wrentham  Pond.  Massa- 
chusetts agreed  to  call  a  due  westerly  line  from  this  point  the 
boundary  line,  stipulating,  however,  that  they  should  not  be 
asked  to  bound  on  it.  They  might  show  it  on  the  maps  as  tlie 
true  jurisdiction  line,  but  if  Massachusetts  had  settled  any  land 
lying  south  of  it  she  was  to  continue  to  govern  and  collect  taxes 
there.  For  this  privilege  of  governing  this  settled  land,  which 
they  admitted  was  in  Connecticut,  Massachusetts  was  to  give 
Connecticut  the  equi\'alent,  acre  for  acre,  in  other  wild  land 
further  up  the  country,  which  Connecticut  could  settle  and  govern 
within  die  limits  of  Massachusetts,  if  she  chose.  This  agreement 
was  carried  out,  and  Connecticut  received  107,793  acres  of  the 
public  land  in  western  Massachusetts  and  New  Hampshire,  which 
she  promptly  sold  to  Boston  individuals  for  $2,274,  and  like  a 
dutiful  mother,  gave  the  money  to  Yale  College. 

The  surv^ey  by  these  commissioners,  with  the  determination  of 
Ithe  area  governed  by  Massachusetts  south  of  tlie  line,  was  the 
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first  attempt  to  run  the  bounrlarj*  all  the  way  across  the  state. 
As  before,  Massachusetts  did  the  work,  but  this  time  they  had 
thoroughly  competent  surveyors  and  cooperation  by  ConnecticuL 
The  «jld  report  says,  in  the  rambHng-  sentences  of  the  day,  that 
the  commissi«>ners,  "having  mett  at  Wrentham  the  24th  day  of 
October  last,  to  attend  said  ser\'ice  by  the  Help  and  assistance  of 
Samuel  Thaxter  anrl  John  Chandler.  Esqrs..  Sur\-eyors  appointed 
by  the  aforesaid  (jov.  of  Mass.,  and  having  with  them  some  sur- 
veying instnmients.  which  we  used  heretofore  on  such  an  *>:ca- 
sion,  and  up«>n  g«x>d  pn>tt  and  tryal.  the  Hne  is  found  to  var}- 
nine  degrees  from  the  Meridian  Line." 

Connecticut  wa-  the  tir^t  state  in  Xew  England  to  survey  her 
b<>undaric^.  The  Xew  V<»rk  line  was  run  in  1685,  though  it  was 
changed  in  1731.  and  the  Rhode  Island  Hne  in  1703.  The  value 
of  accurate  work  Iiad  not  appeare<l  at  that  time,  and  it  is  doubtful 
if  the  instrument-  at  hand  would  have  enabled  them  to  do  any 
better.  X<>t  until  David  Ritterhouse  ran  the  Massachusetts-Xew 
Vr>rk  line  in  17S7  was  any  really  fine  work  done. 

between  the  J4th  of  <3ctr>her  and  X'ovember  6.  171 3.  when  the 
completOfl  plan  and  rep«>rt  wa-^  signed.  Chandler  and  Thaxter 
ran  the  line  fr«>!n  Wrentham  Pon«l  east  of  the  northeast  comer 
of  Rhode  Nland  to  the  Connecticut  River  and  around  Enliehl.  at 
that  time  a  t«»wn  <ix  hy  ten  miles  square.  There  is  no  evidence 
that  they  chained  more  than  the  twenty-two  miles  around  Enfiehl, 
but  they  "erectetl  -undry  heaps  of  stones."  and  if  they  remem- 
berer I  the  Sahlath  day  to  keep  it  holy  they  accomplished  the 
running  ni  eighty-eight  miles  of  line  in  not  over  eleven  working 
day<  I     Xo  \vi>nder  the  line  is  cn>ikedl 

The  next  spring,  between  May  2^  and  June  2,  they  surveyed 
the  towns  fnnn  the  river  west  of  the  present  east  line  of  ^_'iran- 
ville  and  determined  the  area  cut  off  by  the  new  line.  On  the 
ba^is  "f  this  survey  the  settlement  of  the  equivalent  lands 
was  made. 

In  1717  by  authority  oi  a  new  act  the  same  sur\'eyors.  Chandler 
and  Thaxter.  with  a  thinl  c«>mmissioner.  representing  Massachu- 
setts, and  William  Whiting  oi  the  former  commission  with  two 
others  from  C'uinecticut,  ran  the  line  from  the  northeast  comer 
^n  S«'Utluvick  Jog  t'^  Sage's  Ravine.  They  marked  many  trees. 
Tno>.t  or  tliem  «>n  the  banks  of  the  streams,  as  the  countrj-  was 
almost  wholly  a  wilderness  at  that  time  and  there  were  no  roads. 
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For  some  reason,  Dr.  Hoadly  reprinted  the  report  on  this  one 
section  of  the  line  at  the  end  of  Vol.  i  and  2  of  the  Private  Laws 
of  Connecticut  and  you  will  find  it  quite  interesting  reading. 
They  met  at  Westheld,  September  12,  ran  the  whole  thirty-two 
miles  and  returned  to  Westiield  in  time  to  draw  up  and  sign 
their  report  eight  days  later. 

In  Hart  land  on  September  13  they  had  bad  luck,  for  after  they 
had  run  two  miles  and  a  half  they  say  (this  is  in  the  act  passed  by 
the  legislature),  **We  continued  the  line  from  thence  two  miles 
and  a  half  and  twenty  percli,  which  brought  us  to  a  miry  sw^amp 
of  eight  perch  wifle.  and  encamped,  the  weather  wet;  we  had  a 
very  tedious  night.  At  this  place  we  marked  a  large  hemlock, 
and  called  it  Thaxter's  tree." 

West  of  the  *'Ousatonic*'  River  they  slighted  tlie  w^ork  a  little, 
for  they  left  the  line  in  the  middle  of  Sage's  Ravine  *'in  the  gutter 
at  a  right  angle  from  the  north  mountain,  and  incapable  to  have 
a  monument  made  at  it,"  and  they  called  the  distance  only  two 
miles  from  the  river,  while  it  is  4.7.  Their  distance  to  the 
Housatonic,  28.33  rnil*-^!^»  i^  ic>2  too  great,  an  error  of  3,6  per 
cent.»  and  something  gradually  drew  their  line  north  so  that  the 
boulder  in  Sage*s  Ravine  is  about  iJ4  miles  farther  north  than 
tiie  northeast  corner  of  the  state.  The  present  boundary  follows 
their  survey  except  in  two  places,  so  that  if  their  work  had  been 
accurate  and  the  line  had  been  run  due  w^st  along  the  parallel  of 
42  deg-  I  min.  24.807  sec.  north  latitude,  the  state  line  would  now 
run  through  the  railroad  depot  at  Canaan. 

This  new  Connecticut- Massachusetts  line  w^as  perambulated  in 
1734  by  a  joint  commission  who  determined  the  northeast  corner 
of  the  state  and  poshed  the  line  w^est  to  the  present  northwest 
comer.  They  ran  also  around  Woodstock,  w^hich  was  then  a 
Massachusetts  town,  and  found  a  bad  jog  at  the  Union- Wood- 
stock corner.  A  special  commission  investigated  this  in  1739 
but  did  not  change  it.  Somers  and  Enfield  had  asked  in  1724  to 
be  taken  into  Connecticut  but  had  been  told  that  the  agreement 
of  1713  W'as  binding,  and  the  people  generally  considered  the 
line  as  settled  by  the  running  of  1713, 

The  taxes  in  Massachusetts,  how^ever,  were  becoming  larger 
than  those  across  the  hne  and  the  people  in  W<Xjdstock  began  to 
■wonder  whetlier  the  jurisdiction  could  not  be  changed  so  as  to  put 
them  on  the  cheap  side  of  the  line.    In  1747  accordingly,  they  sent 
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a  memorial  to  the  Connecticut  legislature  asking  to  be  considered 
a  part  of  that  state.  They  argued  that  the  agreement  of  1713 
was  not  legal ;  that  the  legislature  of  Connecticut  had  no  power 
to  give  away  land  which  had  been  granted  to  them  by  the  King 
and  had  no  power  to  allow  another  state  to  govern  land  inside 
their  colonial  limits,  and  that  the  agreement  had  never  been  sanc- 
tioned by  the  King  and  was  not  binding.  This  time  the  towns- 
people were  quite  importunate,  the  attorney-general  backed 
them  up  with  an  opinion  in  their  favor,  and  the  legislature,  with 
everything  to  gain  and  nothing  to  lose,  finally  said,  "Come  in." 
Woodstock  promptly  had  a  jubilation  meeting  and  elected  dele- 
gates to  the  Connecticut  legislature.  Massachusetts,  of  course, 
was  indignant  and  sent  all  kinds  of  remonstrances.  Connecticut 
did  nothing;  She  did  not  see  how  Massachusetts  could  expect  to 
govern  land  which  was  admittedly  outside  of  her  colonial  limits. 
Massachusetts  wanted  to  arbitrate,  but  Connecticut  said  there 
was  nothing  to  arbitrate.  There  even  seems  to  have  been  some 
violence  connected  with  Massachusetts'  attempts  to  collect  taxes. 
About  this  time,  too,  Rhode  Island  took  notice  and  joined  Con- 
necticut in  a  survey  at  Wrentham  Pond,  where  they  found  that 
Woodward  and  Saffrey*s  station  was  7  m.  56  rd.  south  of  the 
southernmost  part  of  the  Charles  River  instead  of  three  miles, 
and  that  the  north  lines  of  both  states  should  therefore  be  pushed 
north  over  four  miles.  This  point  appears  more  strongly  if  you 
glance  at  the  present  north  line  of  Massachusetts,  which  was 
described  as  being  three  miles  north  of  the  Merrimac  River  in 
exactly  the  same  words  in  which  their  southern  line  was  described 
as  three  miles  south  of  the  Charles  River.  The  farmers  in  New 
Hampshire  claimed  and  held  land  very  much  further  south  than 
the  most  northerly  point  of  the  Merrimac,  giving  Massachusetts 
only  a  strip  three  miles  wide,  parallel  with  the  river. 

Connecticut  now  sent  memorials  to  the  old  country  and  Massa- 
chusetts also  fully  informed  her  agents,  but  the  royal  attorney- 
general  did  not  think  it  at  all  likely  the  Crown  would  be  willing 
to  change  the  agreement  of  1713  and  the  appeal  was  never 
pushed.  The  matter  was  not  really  settled  for  75  years,  and 
}tlassachusotts  continued  for  a  long  time  to  levy  taxes  and  to  go 
through  a  number  of  forms  in  relation  to  Woodstock,  Enfield 
and  wSuffield,  as  if  they  were  still  within  her  Hmits.  The  people, 
however,  called  themselves  in  Connecticut  and  went  by  the  monu- 
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ments  made  by  the  surveyors  of  1713,  except  where  Uiey  erected 
new  monuments  at  more  convenient  points. 

West  of  the  river  there  was  little  settlement  close  to  the  line 
and  tlie  boundary  question  did  not  become  a  matter  of  legal  con- 
troversy excepting  at  Southwick.  This  queer  little  notch  which 
the  schoolboy  always  puts  in  his  map,  even  if  he  omits  the 
Housatonic  River,  is  the  sole  survivor  of  tlie  equivalent  lands 
which  Massachusetts  so  long  governed  south  of  her  south  line. 
The  land  is  quite  good,  there  is  some  six  square  miles  of  it, 
and  the  Congamond  Ponds  are  beautiful,  yielding  also  a  good 
crop  of  ice  in  winter  and  fish  always.  It  should  be  in  Connecticut 
the  only  use  I  ever  heard  for  it  was  that  it  anchors  the 
state  of  Massachusetts  in  place,  and  keeps  it  from  slipping  out 
of  the  map  into  the  ocean.  The  land  about  the  ponds  was 
originally  part  of  West  field,  was  settled  by  Westfield  people,  and 
the  inhabitants  had  little  connection  with  Connecticut  and  did 
not  petition  the  legislature  to  be  taken  away  from  Massachusetts 
as  did  the  other  towns  to  the  east  The- Revolution  occurred  at 
this  time,  and  these  little  quarrels  were  gloriously  sunk  in  the 
greater.  There  is  a  story  that  Connecticut  tried  to  enforce 
militia  serv^ice  on  an  inhabitant  of  tlie  Jog  who  refused  on  tite 
ground  that  he  lived  in  Massachusetts,  It  is  a  matter  of  record 
that  about  1793  the  controversy  had  become  so  acute  that  both 
states  appointed  commissioners  to  examine  the  line  and  especially 
to  settle  this  particular  dispute.  They  dissolved  in  1801,  however, 
not  having  been  able  to  reach  an  agreement.  Both  commissions 
made  long  reports  stating  the  liistor>^  of  the  line  to  date,  Con- 
necticut claiming  everything  up  to  the  line  of  1713,  and  Massa- 
chusetts holding  tenaciously  to  all  land  south  of  the  line  which 
she  had  not  lost  before  the  war.  They  claimed  in  fact  that 
she  had  always  governed  the  whole  of  the  ancient  town  of 
Westfield  and  was  then  governing  a  strip  of  what  is  now  West 
Suffield  as  deep  as  the  Southwick  Jog,  about  two  and  one-half 
miles,  and  extending  about  as  far  cast  of  the  ponds  as  the 
present  Jog  does  to  the  west,  that  is,  east  to  the  ancient  cast 
line  of  Westfield  at  Rising  Corners.  Massachusetts  had,  indeed, 
proposed  to  compromise  by  giving  up  her  claim  to  the  land  east 
of  the  ponds  if  Connecticut  would  be  equally  self-sacrificing  in 
regard  to  the  land  to  the  west,  but  the  Connecticut  commissioners 
did  not  believe  tliey  had  power  to  give  away  one  inch  of  what 
their  consciences  told  them  was  Connecticut  soil. 
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The  next  legislature,  however,  appointed  a  new  commission 
with  the  express  understanding  that  this  compromise  should  be 
arranged,  and  in  1803  the  agreement  was  made,  the  survey  was 
extended  from  the  ponds  west  to  Xew  York,  and  the  whole 
line  map[>ed  and  marked.  This  is  the  last  work  that  was  done 
west  of  the  river  previous  to  1906. 

East  of  the  river  the  dispute  was  more  acrimonious,  p)erhap5. 
because  the  amount  of  land  in  controversy  was  much  smaller. 

The  commission  of  1734  had  found  that  the  northeast  corner 
of  Woodstock  was  126  rods  north  of  the  1713  line,  and  the 
nr^rtheast  corner  of  Union  100  rods  too  far  north.  In  the  Con- 
necticut X'alley,  too,  when  Enfield  and  Suffield  had  come  into 
Connecticut,  their  north  boundaries  had  been  taken  as  the  state 
line.  These  were  apparently  established  **without  the  aid  of 
the  conij)ass"  by  measuring  six  miles  north  from  the  ancient 
south  line  of  Springfield,  and  instead  of  numing  due  west,  tbe 
north  boundary  of  Suffield  was  described  as  being  square  wid^ 
the  river.  Uoth  lines  were  marked  only  by  trees,  and  apparently 
when  a  line  tree  (lisap|x;ared  the  most  interested  neighbor  chos^ 
its  successor  in  the  direction  which  best  suited  himself.  The 
line  had  thus  become  astonishingly  crooked  and  it  never  readied 
north  as  far  as  the  17 13  line.  After  many  failures  to  agree,  and 
several  surveys  by  the  states  independently,  a  joint  commission 
finally  readied  a  settlement  in  1826. 

The  parties  to  this  agreement  gave  Massachusetts  all  that  part 
of  Woodstock  which  lay  north  of  the  1713  line  and  compromised 
at  Union  by  running  a  line  half  way  through  the  Jog.  West 
of  the  northwest  corner  of  Stafford,  they  followed  substantially 
the  old  north  line  of  Enfield,  adopting  a  line  which,  while  still 
crooked,  was  far  straightcr  than  anything  that  could  have  been 
drawn  through  the  numerous  points  in  that  part  of  the  valley 
which  were  rejmted  to  be  on  the  line.  This  settled,  on  paper 
at  least,  all  the  controversy  between  Massachusetts  and  Con- 
necticut, and  I  find  absolutely  no  action  by  Connecticut  since 
1826.  The  line  was  supposed  to  have  been  marked  permanently. 
They  seem,  however,  to  have  misused  the  word  permanent  as 
much  as  we  do  to-day  when  we  speak  of  permanent  asphalt 
pavement.  Being  left  without  attention,  the  boundary  lines 
loosened  at  a  great  many  points.     An  idea  of  what  the   1803 
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^Mmmissioti  considered  would  be  a  i:>ernianent  niark  may  be 
g^athered  from  the  following  brief  extract  from  their  description: 
*'No\\%  therefore,  know  ye  thai  the  imderwritten  commissioner s» 
having  considered  their  respective  power  le^al  and  sufficient  .... 
to  tlie  end  tliat  ....  all  doubts  and  controversies  may  be  finally 
settled,  the  boundary  clearly  accepted  and  harmony  properly 
establisheil  on  the  most  solitl  fountlations  ....  we  began  cm  the 
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west  bank  of  the  Connecticut  River  !>et\veen  a  small  butternut 
tree,  marked  MC.  standings  on  the  south,  and  a  small  crooked 
white  oak,  marked  M,  standi Jtg  on  the  north  atxmt  two  feet  distant 
from  each  other/*  i^erhaps  someone  fastened  a  rowboat  to  one  of 
these  trees  and  pulled  it  out.  At  any  rate  we  could  not  identify 
them  last  simimcr. 

None  of  the  stones  were  over  five  feet  long  and  most  of 
them  set  three  feet  out  of  the  ground,  so  that  frost  had  heaved 
them  out  probably  a  number  of  limes.  The  selectmen  and  owners 
of  adjoining  property  had  been  very  good  alxmt  setting  them 
up,  but  in  a  number  of  cases  they  had  chosen  better  spots  on 
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which  to  set  them  the  second  time,  and  this  without  regard  to 
the  line.  In  six  cases  we  were  able  to  find  men  who  knew  per- 
sonally  about  the  moving  of  tlie  stones,  as  tt  had  been  dooe 
within  a  few  years,  and  there  is  no  doubt  that  many  more  of 
the  stones  had  been  shifted  so  long  ago  that  the  fact  had  beei 
forgotten. 

The  Massachusetts  Topographical  Commission  had  for  some 
time  been  at  work  on  their  other  boundar}*  lines»  particular!}'  the 
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New  York  line,  and  in  i8c>8,  by  authority  of  a  special  act  of 
legislature,  they  perambulated  their  Connecticut  boundary  and 
found  its  very  bad  condition.  After  that  they  kept  petitioning 
the  Connecticut  legislature  for  concurrent  action,  and  in  1905 
an  act  was  passcrl  making  special  provision  for  Connecticut's 
cooperation. 

The  present  Boundary  Commission  consists  of  Governor 
Rollin  S.  WoodrulT,  Attorney-General  M.  M,  Holcomb^  and  Mr, 
Frank  C,  Sumner  of  Hartford,  though  at  the  time  the  work  was 
begtm  the  first  two  ex-officio  offices  were  filled  by  Hon.  Henry 
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Roberts  and  Hon.  Win.  A.  King.  They  agreed  with  the  Massa- 
chusetts Commission  to  first  survey  the  line  and  find  what  the 
actual  conditions  and  disputes  were.  In  the  fall  of  1905,  there- 
fore, I  went  over  the  whole  line  with  the  Massachusetts  field 
engineer,  Mr  E.  E.  Pierce,  who  had  perambulated  part  of  it  in 
1898,  and  decided  between  which  points  we  would  run  the  random 
lines.  We  also  did  a  little  triangulation  that  fall  at  the  east 
end  of  the  line,  so  that  we  were  already  to  start  the  field  work 
the  next  spring. 

Massachusetts    has    been    unusually    well    triangulated;     first 
Borden  from  1832  to  1838  covered  the  whole  state  and  tied  in 
a  number  of  points  on  the  Connecticut  line.    The  United  States 
Coast  Survey  refigured  much  of  his  work  and  took  other  obser- 
vations in  connection  with  the  state  topographical  survey.     Then 
tlie  town  boundar>*  w^ork  of  the  state  Topographical  Comjiiissioii 
[.and  its  successor,  the  Harbor  and  Land  Commission,  has  kept 
Itwo  parties   since    1890  determining   the  angle  points  in   their 
[town  lines  and  publishing  the  results  iti  atlas  form.    The  Harbor 
and  Land  Commission  in  fact  had  already  triaogulated  down  to 
Ithe  state  line   from   Stafford   to   Southwick,   aiid   from   Rhode 
[Island  to  the  middle  of  Southbridge,  and  coulr!  not  publish  their 
^results  until  the  uncertainties  at  these  points  were  removed.    Our 
irst   work,   therefore,   was   to   locate  by   triangulation   all   the 
Fsupposed  angles  on  the  line.     Mr.  Pierce  has  spent  most  of  his 
tim^    since    graduating    from    the    Massachusetts    Institute    of 
Technology  at  this  w*ork  and  is  a  most  expert*  observer,  so  the 
field  triangidation  w^as  under  his  wing  while  I  paid  more  atten- 
tion to  the  traverse.    Our  latitude  and  longitude  is  derived  from 
the   main   stations   of   the    Massachusetts    State   Topographical 
Survey,  all  the  figures  connected  with  which  are  on  file  at  the 
State  House  in  Boston.    There  is  just  enough  difference  between 
their  work  and  that  of  the  Coast  Survey  to  prevent  their  being 
used   interchangeably,   but  as   all   the   triangidation   stations  we 
used  are  well  described,  and  as  all  the  figures  necessary  to  con- 
nect the  Connecticut  line  with  them  are  also  filed  at  the  Capitol 
in  Hartford,  this  is  no  objection. 

Having  the  true  azimuth  of  the   line  betw^een  the  northeast 

1  comer    of    Connecticut   and    the    northwest    corner    of    Rhode 

Island,  and  that  between  the  former  corner  and  a  triangidation 

station  east  of  Wallum   Pond   in   Massachusetts,  on  April    10, 


All  our  work  was  from  backsig^ht.  except  where  the  lay 
the  land  made  it  possible  to  sec  the  next  station.  Sucli  a  point 
occurred  on  the  first  tangent,  where,  after  we  had  run  about  a 
quarter  of  a  mile  through  the  woods,  we  saw  the  flag^  on  a  tall 
pole  which  stood  over  the  Rhode  Island  comer.  From  tJiere  on, 
of  course,  we  kept  checking-  down  from  this  foresiglit.  We  ran 
the  line  on  stout  wire  brads,  dri%dng:  them  into  green  hardwood 
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stakes  cut  on  the  spot.  The  stakes  were  from  two  to  four  feet 
long^  to  keep  the  point  from  being  masked  by  undergrowth.  We 
used  either  brads  one-sixteenth  inch  in  diameter,  or  nails  about 
twice  as  thick»  depending  on  the  distance  we  were  likely  to  use 
the  point,  and  ahvays  snapped  an  elastic  band  over  a  piece  of 
white  paper  so  that  it  projected  up- behind  the  brad  Tlxese  made 
splendid  backsights  and  we  never  used  a  rear  rod  on  the  whole 
survxy.  On  the  brow  of  a  good  hill  we  often  set  uj>  a  two  by 
four  scantling  wnth  alternate  six-inch  bands  of  white  and  black 
cheese  cloth  tacked  around  it.  This  made  a  signal  good  for  two 
^bor  three  miles.  When  we  needed  to  sec  farther  we  set  up  a 
4x4  tripod  signal  twelve  feet  or  more  high.  As  the  longest 
tangent  we  bad  to  run  was  five  and  one-half  miles,  this  w^as 
ample.  All  chaining  was  done  from  nail  to  nail  of  these  stakes 
without  the  use  of  phimb  bobs.  At  least  every  alternate  stake 
\vas  made  a  transit  point,  so  that  we  could  measure  the  vertical 
angle,  and  correct  for  slope  of  tape.  By  using  300  and  400- foot 
light  wire  tapes,  tliis  gave  us  600  to  800- foot  sights,  which  were 

»as  long  as  we  needed  to  use. 
We  thought  of  using  spring  balances  and  correcting  for  pull 
and  sag*  as  these  tapes  are  standardized  for  a  twelve-pound  pull, 
supported,  but  on  testing  we  found  that  the  stretch  of  a  twenty- 
five-pound  pull  was  counterbalanced  by  the  sag  w^ithin  a  tenth  or 
two,  and  as  we  had  triangulaiion  checks  ever^^  few  miles  the 
precision  of  taping  was  of  no  importance.  We  read  to  hundredths, 
as  it  took  no  longer  and  made  the  men  more  careful,  but  corrected 
only  for  slope.     The  work  agreed  with  the  triangidation  from 

•  exactly  to  a  difference  of  four  feet  to  the  mile  which  we  dis- 
tributed uniformly  along  the  tangent  in  figuring  the  adjusted 
stations  of  the  new  stones. 

All  tape  measurements  were  checked  by  stadia,  and  the  fences, 
streams,  roads,  and  buildings  w^re  located  in  the  same  way  for 
a  distance  of  some  300  feet  each  side  of  the  line. 

The  stadia  readings  usoally  agreed  with  the  tape  within  one  to 
three  feet  on  shots  300  to  1,000  feet  long.  We  read  only  to  feet, 
using  a  thirteen- foot  rod  with  a  special  marking  which  Mr. 
Pierce  had  been  using  on  his  w^ork.  It  is  easier  and  faster  to 
read  than  any  rod  I  have  seen,  as  there  are  four  black  sp^:)ts  to  the 
^kioot  instead  of  five  as  in  the  common  design.  Single  feet  are 
^^read  by  taking  the  fifth  part  of  a  division — ^always  an  easy  thing 
to  do. 
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The  parties  consisted  usually  of  a  transitman,  head  chain,  one 
or  tu'O  rodmen,  and  up  to  three  axemen,  according  to  the  timber 
and  also  according  to  the  amount  of  help.  Indeed,  we  had 
difficulty  in  getting  choppers  as  we  went  along,  as  the  farmers 
were  all  busy  and  snapped  up  laborers  whenever  they  could  get 
them. 

No  attempt  was  made  to  cut  a  sky-line,  but  wc 
did  clear  a  much  wider  path  than  is  usual  in  farm 
surveying  to  be  able  to  get  at  least  600-foot  sights 
wherever  the  nature  of  the  ground  permitted.  The 
alignment  work  was  very  good,  coming  out  after 
a  two  or  four  mile  tangent  on  the  stone  in  many 
cases,  and  usually  within  two  feet.  We  assumed 
that  the  lines  were  run  straight  and  made  pro- 
portional corrections  in  figuring  the  offset  for  new 
stones.  After  the  first  lines  were  finished  we  had 
a  chance  to  check  the  work  from  summits  in  three 
of  the  long  tangents,  and  could  see  no  error  what- 
ever in  the  straightness. 

If  the  surveys  of  1713  and  171 7  had  been  with- 
out errors,  the   boundary  of   to-day  would    have 
been  an  arc  of  a  small  circle    running  due   west. 
^"^         Owing  to  compass  irregularities,  however,  the  line 
L^^^  angled  greatly  away  from  this   arc.     On  the  re- 

p^^  establishment  of  the  boundaries  in  1803  and  1826, 

the  surveyors  had  used  all  the  old  points  they 
could  identify  and  run  straight  lines  between  them  on  which 
they  set  their  road  stones.  We  ran  these  same  lines,  straight 
great  arc  circles  between  the  angle  points  mentioned  in  the 
descriptions,  but  instead  of  finding  the  road  stones  on  the  tan- 
gents, we  often  found  greater  angles  at  them  than  at  the  angle 
points. 

Our  notes  \yere  sent  in  to  the  Boston  office  and  plotted  as  fast 
as  taken,  so  that  in  November  we  had  the  completed  map  of 
the  line.  On  this  we  laid  out  a  series  of  tangents  which  fitted 
as  closely  as  possible  all  the  indications  of  the  boundary  which 
we  had  been  able  to  find.  In  many  cases  the  markers  at  the 
angle  points  had  been  moved  and  we  had  to  be  governed  more 
by  the  intermediate  stones,  but  where  the  location  of  the  old 
angle  marks  was  unquestioned  we  always  ran  to  them.     The 
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line  thus  established  was  shown  on  the  map,  and  after  several 
visits  to  the  ground  and  much  discussion  at  three  joint  meetings, 
the  commissioners  agreed  to  it  on  December  26,  1906.  It  passes 
south  of  some  stones  and  north  of  others,  the  offsets  just  ahout 
balancing.  The  greatest  difference  l>et\veen  it  and  the  existing 
road  stones  was  some  sixty  feet,  but  accepted  unofficial  monu- 
ments were  as  far  off  as  180  feet,  and  fences  and  trees  locally 
supposed  to  be  on  the  line  were  often  much  farther. 

This  year,  from  May  to  July,  we  set  new  granite  monuments 
at  ever>^  road  and  railroad  crossing  the  line.  The  stones  are 
nine  to  itn  feet  long,  dressed  twelve  inches  square  for  the  first 
four  feet,  which  part  projects  above  the  ground.  The  first 
fifteen  inches  underground  is  roughly  pointed,  and  the  stones 
batter  out  three  inches  in  this  distance,  so  that  as  the  ground 
freezes  it   lifts   always   away    from   the 

^P stones  and  can  never  get  a  grip  on  them 
to  pull  them  up.  The  butts  are  from  fif- 
teen to  twenty-four  inches  square,  rock 
faced,  but  with  no  projecting  points, 
and  the  whole  stone  weighs  from  a  ton 
to  a  ton  and  a  half. 

The  letterinii  is  **Conn''  and  *'  Mass** 
on  opposite  sides  with  the  date '*iqo6" 
on  the  face  next  the  roatl  and  the  initial 
of  each  town  on  the  proper  side.  We 
also  set  twenty-two  of  these  stones  at 
the  points  where  tlie  town  boundaries 
intersected  the  state  line.  These  points 
are  of  great  local  interest  and  had  been 
marked  by  local  surveyors  in  every  case 
but  one,  but  by  the  most   primitive  of 

^hinonuments.     The   railroad    companies 

^^feined  with  us  in  setting  eleven  of  these 

^^Rones  at  their  crossing  points. 

^P     The  old  stones  were  all  dug  up  and  the  good  ones  set  on  the 

"  summits  between  the  roads.    They  were  about  five  feet  long  and 
we  left  them  projecting  one  foot,  so  that  the  drill  hole  in  the 

I      top  will  make  an  ideal  point  to  set  up  over  if  any  engineer  needs 
to  re-run   parts  of  the   line.     We  have  also  made  drill  holes 
wherever  good  ledges  were  crossed. 
3 
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The  maps  have  been  plotted  on  a  scale  of  I  to  3,000,  or 
250  feet  to  the  inch.  As  the  total  length  of  the  line  is  94,8 
miles,  the  map  is  some  160  feet  long  and  will  probably  be  folded 
into  book  form  before  filing  with  the  Secretary  of  State  at  Hart- 
ford. Complete  copies  of  the  field  notes  and  of  the  triangnlation 
data  will  be  filed  with  the  State  Librarian. 

All  the  old  stones  as  well  as  the  new  were  photographed  by  the 
Harbor  and  Land  Commission  and  a  complete  set  of  pictures  will 
be  filed  with  the  notes.  I  have  also  taken  photographs  of  houses 
cut  by  the  line  and  additional  views  of  various  points  of  control 
which  will  make  the  collection  complete.  A  set  of  mounted 
topographical  sheets  will  show  the  triangnlation  net  and  all  the 
stones  on  the  line. 

The  only  point  which  remains  at  all  uncertain  is  the  boundary' 
along  the  shore  of  the  Congamond  Ponds.  A  natural  boundary  is 
always  uncertain,  but  this  was  particularly  so.  The  compromise 
of  1803  made  the  line  "along  the  east  shore  of  said  pond  as  the 
same  runs."  Since  then  the  water  was  raised  to  form  the  summit 
level  of  the  Northampton  Canal,  then  lowered  to  feed  a  mill  in 
Granby,  then  dammed  out  of  Connecticut  by  the  mill  owners  of 
Westfield,  who  were  in  turn  "damned"  by  the  Connecticut  farm- 
ers and  compelled  in  court  to  turn  back  a  part  of  the  run-oflF,  and 
now  the  water  rises  and  falls  in  tune  with  a  flash-board,  manipu- 
lated by  an  agent  of  the  writing  paper  trust. 

To  exix^ct  a  state  boundary  to  follow  all  these  moves  was  too 
much.  The  Massachusetts  Commission  was  unwilling  to  change 
the  line  to  a  series  of  tangents  through  the  center  of  tlie  ponds, 
but  did  agree  that  the  shore  line,  "as  it  would  be  with  surface 
of  the  water  at  the  elevation  it  was  in  1803,"  should  be  the 
boundary.  We  then  described  three  bench  marks  which  hold 
the  level  between  one  and  three  feet  lower  than  at  present.  At 
one  place,  Pickerel  I'rook,  the  line  cuts  across  outside  of  a 
swamp  that  is  said  to  have  been  dry  ground,  though  the  water 
is  more  than  three  feet  deep  in  places,  but  generally  it  follows 
the  shore  and  is  five  to  twenty-five  feet  out  from  it. 

At  Rising  Corners  is  a  jog  of  132  feet.  This  is  because  the  line 
of  1 713  came  eight  rods  south  of  an  oak  tree  which  marked  the 
southwest  corner  of  Springfield,  now  Agawam,  and  the  1803  com- 
promise followed  this  line  to  the  west  and  the  old  Springfield 
line  to  the  east.     The  engineers  of  both  states  tried  to  have  this 
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eliminated  as  tiae  land  changes  could  easily  be  balanced  and  were 
very  small,  but  the  Massachusetts  Commission  thought  it  had 
not  sufficient  authority  to  alter  the  line. 

The  actual  running  of  the  line  was  ver>^  interesting  and  we 
crossed  some  country  about  as  wild  as  anything  in  New  England. 
All  the  hills  and  highways  run  north  and  south »  and  in  between 
the  going  is  very  rough,  but  only  once  were  the  party's  head- 
quarters out  of  touch  by  telephone.  \\*e  had  no  great  trouble 
in  finding  board  within  easy  driving  distance  of  the  line,  and  in 
fact  at  our  second  headquarters  the  chief  of  the  party  was  on 
the  line  day  and  night,  for  the  boundary  ran  through  his  bed. 

Most  of  tlie  engineers  were  college  men.  At  one  time  we  had 
six  graduates  and  four  vacation  men  oti  the  work,  and  all  were 
very  congenial  fellows,  so  that  much  of  the  work  was  fun.  The 
property  owners  were  all  interested  and  helped  us  greatly.  We 
heard  of  several  objections  to  the  cutting  after  it  was  all  over, 
but  no  one  held  us  up  or  even  attempted  to  hinder  the  work 
while  it  was  going  on.  One  man,  who  is  interested  in  Con- 
necticut politics,  was  greatly  alarmed  when  he  saw  a  line  of 
stakes  along  the  south  side  of  his  house,  and  he  hurried  to  his 
selectman  to  see  if  he  could  not  in  some  way  avoid  being  shifted 
into  Massachusetts.  But  it  was  only  an  offset  line  run  to  save 
us  tlie  trouble  of  chaining  over  his  chimney. 

One  evening  a  lady  who  knew  tliat  the  line  ran  through  her 
house  somewhere  asked  jnst  exactly  where  it  was,  and  she  was 
not  a  little  startled  when  I  told  her  that  the  boundary  ran  right 
through  her. 

Twice  the  hulls  bothered  us.  The  first  one  was  gentle  and 
by  scratching  his  head  we  kept  him  interested  for  a  while,  but 
he  bellowed  and  tore  up  the  turf  so  much  that  we  finally  ran 
the  transit  out  of  the  pasture,  until  we  had  proved  that  a  sufficient 
quantity  of  stone  wall  heaved  at  him  from  a  safe  distance  seemed 
to  blunt  his  interest. 

The  second  bull  was  in  the  wilderness  of  Hartland,  and  the 
triangulation  party  was  routed  by  him.  They  telephoned  that 
he  was  a  terrible  fellow.  They  had  good  reason,  too,  for  the 
farmers  told  them  that  he  had  gone  wild  soon  after  being  turned 
out  that  spring,  that  no  one  had  been  able  to  enter  the  pasture 
since,  and  that  the  owner  would  have  to  shoot  htm  in  the  fall. 
They  said  we  had  better  come  armed  or  he  would  kill  us,  sure. 
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I  dug  up  a  sixteen  shot  Winchester  fort>*-four,  and  ei^erjonc 
of  the  party  had  something.  I  believe  one  man  brought  a  thim- 
eight  calibre  Savage  tiger  rifle.  They  were  all  unnecessary-,  how- 
ever, for  before  using  the  gims  the  boys  pelted  him  with  sour 
apples ; — and  he  turned  tail  and  ran  to  the  other  side  of  the 
field. 

W'c  finished  the  field  work  October  29,  1906,  at  the  Housatonic. 
One  of  the  parties  broke  up  in  September  when  college  opened: 
another  came  early  in  August  but  went  back  for  a  little  while  in 
October.  Inrlced  the  work  was  broken  up  all  along,  into  sections 
which  best  fitted  the  condition  of  the  triangulation,  lack  of  axe- 
men, etc.  There  were  three  rather  bad  choppers'  cuts  and  never 
in  the  history  of  New  England  have  there  been  so  many  hornets 
as  we  found  in  the  summer  of  1906;  but  the  only  serious  accident 
we  had  was  in  locating  the  brook  up  Sage's  Ravine,  when  the 
chief  of  the  party  slipped  down  a  cliff  and  sprained  his  ankle. 
There  was  not  a  man  sick  all  summer. 

The  spirit  of  cooperation  and  the  consideration  for  the  ri^ts 
and  ideas  of  the  other  party  which  was  shown  by  everyone  con- 
nected with  the  work  from  commissioner  to  chopper,  was  in 
sharp  contrast  to  the  bickerings  which  are  spread  upon  the 
rccorrls  r>f  the  earlier  work  on  this  line. 

The  only  difference  of  opinion  between  the  two  states  which 
has  not  been  wholly  harmonized  is  regarding  the  spelling  which 
shouUI  appear  on  the  map  for  the  lake  near  the  northeast  corner 
of  Connecticut.  On  onr  official  plan  it  is  simply  Webster  Lake. 
The  maps  of  1713,  1S26,  and  1887  substantially  agree  on 
C'liauhnnagunganiaug,  and  one  of  the  engineers  thinks  three  g's 
are  enough.  Another,  however,  insists  on  15  and  writes  it 
Chargoggaggoggmanchauggagoggagungamaug. 
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By  CharUs  E.  Chandler,  Mem,  Conn.  Soc.  C.  E. 


All  those  who  are  interested  in  the  use,  development  or  valu- 
ation of  water  supplies  or  water  power,  are  interested  in  records 
of  the  duw  of  streams,  as  their  future  flow  can  be  judged  only 
by  their  past  flow,  or  that  of  other  streams. 

The  probable  How  of  any  stream  regarding  which  long-term 
records  du  not  exist,  depends  ou  many  tilings  besides  the  area 
of  its  waterslied,  but  the  drainage  area  is  the  most  important 
pi:»int,  and  must  be  made  the  basis  and  starting  point  of  all 
estimates. 

The  vahic  of  stream  flow  data  depends  on:  i.  The  length  of 
time  during  which  the  ofiservatious  have  been  made.  2.  Tlie 
accuracy,  frequency  and  precision  of  the  measurements.  3.  The 
form  in  which  the  data  exists. 

The  greater  length  of  time  the  flow  of  a  given  stream  lias  been 
measured,  the  more  surely  the  measurements  indicate  both  the 
average  flow  at  different  seasons  and  the  range  of  flows  that 
have  occurred  and  are  likely  to  occur  in  that  and  similar  streams. 

For  power  purposes  weekly  or  daily  calculations  are  much 
more  valuable  than  monthly  calculations. 

Data  given  in  the  form  of  second- feet  per  square  mile  are 
much  more  convenient  for  practical  use  in  water  power  matters 
than  when  given  in  million  gallons  monthly  or  daily  for  the 
particular  watershed  observed  Data  given  in  the  form  of 
available  flow  in  second- feet  per  square  mile  every  day,  week 
or  month,  as  the  case  may  be,  at  all  rates  of  development,  has  a 
fitill  greater  value, 

'The  object  of  this  paper  is  to  present  data  covering  longer 
periods  and  in  more  convenient  form  than  any  now  otherwise 
easily  accessible,  and  to  urge  others  by  example  at  least  to  put 
other  data  in  the  same  convenient  form. 
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The  Croton  River  flow  records  have  been  kept  condnuouslT 
since  1868,  and  the  size  of  the  drainage  area,  its  proxiiiiitj  to 
Connecticut,  and  the  length  of  time  covered  by  the  observations. 
make  these  the  most  valuable  monthly  records  we  have  for  water 
power  purposes. 

Table  i  gives  these  records  reduced  to  second-feet  per  square 
mile  arranged  chronologically.  For  the  purpose  of  determining 
the  value  of  storage,  or  for  calculating  the  j-ield  of  the  stream 
for  water  works  purposes,  this  is  the  proper  order. 

Table  2  gives  the  same  records  with  the  monthly  flow  of  each 
year  arranged  in  order  of  magnitude.  For  the  purpose  of  obtain- 
ing the  average  available  power  of  a  stream  at  different  develop- 
ments for  a  long  term  of  years,  for  determining  the  average  and 
maximum  amount  of  auxiliary  power  needed  at  any  develop- 
ment, and  the  damages  incident  to  the  diversion  of  the  whole, 
or  a  part  of  the  water  of  any  stream,  table  2  gives  results  more 
nearly  correct  than  Table  i. 

Table  3  gives  the  same  records  with  the  monthly  flows  of  the 
wliole  term  arranged  in  order  of  magnitude.  This  form  gives 
results  still  nearer  correct  than  the  form  in  table  2. 

Table  4  compares  the  results  of  the  three  methods  of  averaging. 

Table  3  treats  the  data  in  a  perfectly  logical  way,  averaging 
and  massing  the  durattoji  of  each  rate  of  flow. 

This  is  the  only  form  of  averaging  the  whole  that  g^ves  the 
flow  of  the  minimum  month,  the  maximum  month,  and  the  true 
available  flow  at  different  developments.  It  gives  the  duration 
of  cz'cry  flozc,  which  is  just  what  is  needed. 

Column  A  gives  all  the  rates  of  flow  of  the  whole  term  in 
orrler  of  magnitude,  rej^ardless  of  the  years  in  which  they  occur. 

Column  P>  gives  the  number  of  months  in  which  each  rate 
f>ccnrred. 

Column  C  masses  the  months  and  hence  gives  the  number  of 
months  in  which  the  flow  did  not  exceed  that  in  column  A. 

1)  is  the  product  of  A  and  B. 

K  the  massed  products. 

Multiplying  C.  the  massed  months,  by  O,  gives  the  average 
massed  days  for  each  year  in  column  F. 

G  (irives  the  averaire  flow  of  the  massed  months. 

H  gives  the  average  available  flow  at  any  development  (A) 
f(^r  the  whole  average  year. 
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Tables  6,  7,  and  8  gfive  the  Sudbury  River  records  from  1875 
to  1906  inclusive  in  the  chronological  order,  order  of  magnitude 
by  years,  and  order  of  mag'nitude  of  the  whole  term. 

The  long  term  of  thirty- two  years  is  in  their  favor,  but  tiie 
.  comparatively  small  drainage  area  makes  them  less  valuable  for 
water  power  uses,  though  they  have  been  used  for  water  power 
purposes  very  largely. 

Tables  9,  10,  and  11  give  the  Nashua  River  records  from  1897 
to  ic>o6  in  the  same  three  ways.  Table  12  compares  the  results. 
These  observations,  covering  only  ten  years  on  a  drainage  area 
of  hot  119  square  miles,  naturally  have  less  value  than  longer 
i  records  on  larger  watersheds,  but  their  comparative  proximity 
to  Connecticut  and  their  accuracy  make  them  %vell  worthy  of 
consideration. 

The  records  of  flow  that  form  the  basis  of  all  the  tables  regard- 
ing the  Croton,  Sudbury,  and  Nashua  Rivers  are  from  calcula- 
tions made  monthly ;  that  is,  they  are  the  average  flows  of  their 
respective  months.  On  this  account  they  indicate  a  more  unifonn 
flow  than  really  exists.  On  the  other  hand  the  drainage  areas 
of  tJie  Croton  and  Sudbury  Rivers  contained  large  water  surfaces 
in  comparison  with  streams  used  for  power  in  Connecticut,  which 
causes  the  run-o(T  to  be  less  than  it  otherwise  would. 

Offsetting  these  things  against  one  another,  it  is  probable  that 
the  tables,  averaged  in  order  of  magnitude  for  the  whole  term, 
fairly  represent  the  capacities  of  the  streams  whose  flows  are 
recorded. 

In  spite  of  the  long  continued  observations  at  Croton  and 
Sudbur>*,  and  the  fact  that  their  records  have  served  a  useful 
purpose  for  a  long  time  in  water  power  matters,  it  is  probable 
that  we  ought  in  the  future  to  pay  more  attention  to  the  larger 
streams  actually  used  for  power  purposes. 

Daily  records,  grouped  by  weeks  to  avoid  the  effect  of  Sun- 
day and  holiday  closing,  are  much  more  useful  than  monthly 
calculations. 

Table  13  gives  the  weekly  flows  of  the  Merrimac  River  at 
Lawrence  for  seventeen  years  arranged  in  order  of  magnitude  for 
the  whole  term.  The  value  of  this  record  for  water  power  pur- 
pose exceeds,  in  the  opinion  of  the  writer,  that  of  monthly 
calculations.  It  shows  just  what  flows  are  obtained  in  actual 
practice  with  the  effect  of  storage  and  pondage  included.     Much 
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of  this  flow  is  measured  for  the  actual  sale  of  the  water,  and  the 
accuracy  probably  exceeds  that  of  the  usual  measurements  of 
undeveloped  streams. 

Table  14  gives  from  the  Merrimac  records,  for  each  tenth  of 
a  sccond-frxjt  [>er  square  mile  of  drainage  area,  the  average  flow 
available,  the  number  of  weeks  when  there  was  a  lack  of  water. 
the  number  of  weeks  when  there  was  suflScient  water,  and  the 
percentage  of  any  development  that  can  be  realized. 

J'robably  no  records  of  the  flows  of  New  England  streams 
exccerl  in  value  for  water  power  purposes  in  Connecticut  those 
made  at  Holyokc,  Mass.,  during  the  nineteen  years  from  1881 
to  1899  inclusive. 

On  account  of  the  form  of  the  new  dam,  and  the  effect  of  the 
remains  of  the  olrl  dam,  the  records  of  total  flow  of  the  Con- 
necticut River  there  have  not  l)een  maintained  since  the  latter 
date.  Hence  this  is  a  complete  chapter,  and  all  its  lessons  should 
\)C  made  available  for  the  use  of  engineers. 

The  records  in  the  form  of  cubic  feet  per  second  for  the  whole 
drainage  area,  by  differences  of  fifty,  arranged  in  order  of  magni- 
tude for  each  year,  were  kindly  furnished  by  Mr.  Sickman  to 
the  writer  in  u/X)  ior  special  use.  and  the  writer  made  a  table 
like  Table  15,  putting  in  the  first  column  the  flows  above  men- 
tioned, and  in  the  second  colunni  the  flows  reduced  to  sec<md- 
fcet  per  square  mile. 

In  double  columns,  headed  by  the  different  years,  were  put  the 
number  of  days  each  flow  occurred,  and  the  massed  number,  thus 
showing  at  what  number  of  da)'S  from  the  driest  days  each  flow 
occurred. 

Another  double  column  shows  the  sum  of  all  previous  columns 
of  days,  which,  divided  by  nineteen,  the  number  of  years,  gives 
in  still  another  double  column  the  average  number  of  times  each 
flow  and  any  massed  flow  occurred  during  the  whole  term. 

In  this  way  no  tiow  was  averaged  with  a  greater  or  smaller 
flow.     Days  zi'crc  arerai^cd,  not  floii.'s. 

The  flows  are  week-day  flows  only.  Sunday  flows  are  not 
included.  This  makes  the  table  very  practical  and  well  adapted 
to  working  conditions.  At  times  of  low  water  the  balance  of 
the  week  gets  the  benefit  of  the  Sunday  flow;  when  water  is 
running  to  waste  the  flow  of  balance  of  week  is  not  affected. 

Jnlluence  of  reservoirs  and  mill  ponds  is  included  in  the 
records.     That  is,  the  records  show  just  what  was  obtained  at 
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Holyoke  under  the  practical  conditions  stated*  and  they  are  the 
best  evidence  obtainable  of  what  can  be  expected  in  the  future 
as  an  averag"e  of  a  long  term^  and  how  bad  the  bad  years  are 

1  liable  to  be,  and  how  good  the  good  years.     They  are  also  very 

[vahiahle  as  indicating  what  may  be  expected  on  other  streams 
when  due  allowance  is  made  for  difference  in  conditions. 

Tabic  1 6  gives  by  tenths  of  second- feet  per  square  mile  for 
twenty-four  hours  the  equivalent  in  ten  hours,  and  the  equiva- 
lents of  both  in  horse  power  per  foot-mile.  It  gives  the  average 
number  of  days  the  different  flows  occurred  at  Holyoke,  and  the 
average  number  of  days  during  which  auxiliary  power  would 
be  needed  at  each  development. 

It  also  gives  the  average  flow  and  ix>wer  on  the  short  flays, 

I  and  the  average  flow  and  power  available  throughout  the  year 
at  any  development.  A  column  is  added  giving  the  average 
available  in  form  of  percentage  of  the  development. 

I  Table  17  compares  the  records  of  Croton,  Sudbury,  and  tlie 
Connecticut  at  Holyoke  for  the  same  twenty  years.  It  gives  the 
average  number  of  days  each  flow  by  tenths  of  second- feet  per 

I  square  mile  occurred »  the  average  number  of  days  auxiliary 
power  was  needed  at  any  development,  and  the  relation  the  avail- 
able flow  bears  to  the  development. 

I  So  far  as  the  writer  knows,  nearly  all  long  term  averages  that 
can  be  foimd  in  print  are  from  monthly  calculations  averaged 
chronologically.     They  indicate  as  available  at  different  develop- 

,  ments  a  much  larger  flow  than  the  records  warrant. 

The    Holyoke    data    for    nineteen    years    should   be    in    print, 

'  available  for  the  use  of  engineers,  in  three  forms: 

I.  A  table  showing  the  flow  in  second- feet  per  square  mile 
of  each  day  of  each  year  chronologically. 

2»  A  table  giving  all  the  week-day  flows  arranged  in  order 
of  magnitude  for  each  year. 

3.  A  table  giving  all  the  wxek-day  flows  arranged  in  order 
of  magnitude  for  the  whole  term. 

If  this  paper  and  one  read  by  the  writer  before  the  New 
England  Water  Works  Association,  November  13,  1907,  should 
lead  to  the  publishing  of  stream  flow  data  in  a  more  convenient 
form  than  that  in  general  use,  or  in  getting  the  Holyoke  data 
in  print  in  the  above  forms,  the  results  will  justify  the  consider- 
able labor  necessary  in  preparing  these  tables. 
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TABLE  I. 

Croton  River.      Drainage  Area,  338.8  Square  Miles. 
Monthly  data.     Flow  in  cubic  feet  per  second  per  square  mile  arranged  chronolog 


,  Jan. 
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2.49 
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8.19 

2.37 

2.31 

2.89 

2.45 

.70 

1.08 

.67 

.45 

.59 

.54' 

.70 

22.94 

1875 

.461 

3.55| 

2.491 

4.5I' 

1.39 

.44 

.43 

4.221 

.67 

.631 

1.74! 

1.30, 

21.89 

1876 

1. 10 

3.07 

5.52 

5.03 

1.53 

.53 

.41 

.38 

.30; 

.29, 

.55 

.36 

19.07 

1877 

.61' 

I.25I 

5.37 

2.34 

.67 

.47 

.38 

.37 

.27 

.79 

3.45! 

1.49 

I7.4<3 

1878 

2.24: 

3.311 

3.00 

1. 31 

1. 17 

1. 15 

.55 

.49: 

1.87 

.69, 

1.64 

6.06 

23.48 

1879 

1.07' 

2.36 

3.31 

4.08 

1.45 

.69 

.55 

1.08 

.87 

.48 

.62. 

1.46 

18.02 

1880 

2.09: 

2.411 

2.26 

1.63 

.67 

.41 

.41 

.38 

•39, 

.38 

.44' 

.41 

11.88 

I88I 

.56' 

3.91 

4.69 

1.47 

1.04 

1.34; 

.43 

'^\ 

.41 

.41 

.361 

1.36 

16.39 

1882 

i.8i| 

3.79I 

4.03 

I. II 

1.78; 

1.33 

.52 

.41' 

2.65 

1.72 

.74 

.98 

20.87 

1883 

.86' 

2.98; 

2.25 

2.17 

1.03 

.53 

.41 

•^^ 

.39 

.50 

•53; 

•47, 

12.53 

1884 

i.54| 

4.77! 

3.96 

2.40 

1.46 

.52 

.63 

.92' 

.57 

.42 

.78! 

3.04 

21.01 

1885 

3.38 

2.18 

1.57 

2.0(/ 

1.21 

.46 

.39 

.44 

•351 

.42 

1.671 
.69' 

1,62 

15.7S 

1886 

2.75. 

4.22' 

1.94 

3.81 

1.65! 

.63' 

•46, 

.43 

.39 

.39 

.93 

18.29 

1887 

2.24 

4.42, 

2.94 

2.69 

1. 01 

•94 

2.09 

2.81 

.72 

.81 

.77 

1.92 

23.36 
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.99 

1.03 
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1.02 

1.04 

1.04 

1.03 

23.31 
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1.53 
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4.77 

1.73 

2.19 
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1.67 
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1.06 
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4.47 

6.7s 

3.70' 
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1.27 

4.79 
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3.15 
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3.02 
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1.62 

4.35 

1.53 

2.36 
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1904 

2.00 
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1.04 
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1.06 
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.95 
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1.03 

17.80 

Total    8f).oo  103.33  1 3^'. 54  106.2663.47  37.85  27.38  39.8634.8641.8451.9969.42  798.80 
Aver.      2,26      2.72      3.59      2. So    1.67    i.w)      .72    1.05      .92    1. 10    i.37i  1.83;  21.02 
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H                                                      TABLE  IL 

Croton  Rjver.     Drainage  Area,  338. 1 

i  Square  Miles. 

ihl)*  data.      Flow  in  cubic  feet  per  second  per  square  mile  arr 

anged  iri  ord 

er  of       _^^^ 

mag  flit  ude  in  each  year. 
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TABLE  in. 

Croton  River.     1868  to  1905  Inclusive. 
Drainage  Area,  33S.8  Square  Miles.    Monthly  Data. 

Flow  in  cubic  feet  per  second  per  square  mile  arranged  in  order  of  magnitude 
for  whole  term  instead  of  each  year  separately. 
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TABLE  IV. 

Croton  River.     Drainage  Area,  338.8  Square  Miles. 
Monthly  Data.     1868  to  1905  Inclusive. 

Comparison  of  Available  Flow  Averaged  by   Three  Different  Methods. 

A.  Averag:e  flow  in  second  feet  per  square  mile. 

B.  Massed  flow. 

C.  Average  flow  of  months  equal  to  or  less  than  development  "A." 

D.  Average  available  flow  for  the  year  with  development  "A." 
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TABLE  V. 
Croton  River,  New  York. 


Drainage  Area,  33S.5 


Thirty-eight  Years,  1869  to  1905  Inclusive. 
S(^UARE  Miles. 

Original  Data  Calculated  Monthly. 

A.  Flow  in  cubic  feet  per  second  per  square  mile. 

B.  Number  of  months  this  flow  occurred  in  the  whole  term  of,  years. 

C.  Number  of  months  this  flow  and  all  lower  flows  combined  occurred. 

D.  Product  of  each  flow  by  the  number  of  months  it  occurred  (A  X  B). 

E.  Sum  of  products  for  this  flow  and  all  lower  flows. 

F.  Averaf^e  number  of  days  per  year  this  flow  occurred  in  whole  term  of  years  ^CX-8=rFi. 

G.  Average  flow  of  all  days  below  and  including  this  flow. 

H.  Average  flow  for  the  whole  year  with  development  equal  to  this  flow, 
(36s-F)A-l-(FXG) 
365 
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220 

.86 

i.iS 

1.67 

3 

27s 

S.OI 

242.17 

222   , 

.87 

i.iS 

1.69 

2 

2  So 

3.2S 

245.45 

224 

.88 

1. 19 

1. 71 

I 

2SI 

1. 71 

247.16 

225 

.88 

1.20 

1.72 

I 

2S2 

1.72 

24S.8S 

225 

.88 

1.20 

1-73 

I 

2  S3 

1.73 

250.61 

226 

.89 

1. 21 

1.74 

3 

2S() 

=^.22 

255.83 

228 

.89 

1.21 

1.76 

I 

2S7 

1.76 

257.59 

230   1 

.90 

1.22 

1.77 

2 

2S9 

3.54 

261.13 

231   , 

.90 

1.22 

1.7S 

2 

291 

3.5f> 

264.69 

233 

.91   , 

1.23 

i.li) 

I 

2<>2 

1.79  , 

266.48 

233   ' 

.91 

1.23 

I.  Si 

I 

293 

I. Si 

268.29 

234   1 

.92 

1.23 

I.S-, 

I 

294 

I. S3 

270.12 

235   . 

.92 

1.24 

1.S5 

II 

295 

1.S5 

270.97 

236 

•92   , 

1.25 

1.S7 

I 

290 

1.87 

272. S4 

237 

.92 

1.25 

\A)<) 

2 

29  s 

3.S0 

276.64 

238   • 

.93 

1.27 

1.02 

I 

299 

1.92 

27S.56 

239 

.93 

1.27 

1.93 

2 

301 

3. 86  . 

2S2.42 

241 

.94  ' 

I.2S 

1.94 

I 

302 

f.94 

2S4.36 

242 

.94 

1.28 

1.95 

I 

303 

1.95 

2S6.31 

242 

.94 

1. 28 

2.CKJ 

2 

305 

4.00 

290.31 

244 

.95 

1.30 

2.01 

2 

307 

4.02 

294.33 

246 

.96   ; 

1.30 

2.04 

I 

30  s 

2.04  ' 

296.37 

246 

.96 

1.31 

2.f)7 

2 

310 

4.14 

300.51 

248 

.97    ' 

1.32 

2.()v^ 

I 

311 

2.08 

302.59 

249   1 

.97   1 

1.32 

2.0(; 

4 

315 

S.3f) 

311.95 

252 

.09  ! 

1.33 
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A 

B 

I 

C 

316 

D 

1      = 

314.05 

;     F    1 

G 

H 

2.IO 

2.10 

253 

.99 

L33 

2.12 

2 

318 

4.24 

318.29 

1    254 

I.OO 

t.34 

2.13 

319 

2.13 

320.42 

255 

1. 00 

t.34 

2.17 

I   1 

320 

2.17 

322.59 

i    256 

1. 01 

1.35 

2.18 

321 

2.18 

1   324.77 

'    257 

1. 01  i 

C.36 

2.19 

322 

2.19 

326.96 

258   i 

I.OI   1 

[.36 

2.21 

323 

2.21 

329.17 

258 

1.02 

t.37 

2.24 

325 

4.48 

333.65 

260 

1.03       : 

1.37 

2.25 

326 

2.25 

335.90 

261 

1.03  1 

t.37 

2.26 

328 

4.52 

340.42 

262 

1.04  '   ] 

t.38 

2.23 

329 

2.28 

342.70 

263 

1.04    ] 

1.39 

2.29 

330 

2.29 

344.99 

264 

1.05    ] 

t.39 

2.31 

331 

2.31 

347.30 

265 

1.05    ] 

t.39 

2.32 

333 

4.64 

351.94 

266 

1.06  , 

[.40 

2.34 

335 

4.68 

356.62 

268 

1.06  i   ] 

[.40 

2.35 

336 

2.35 

358.97 

269 

1.07    : 

[.40 

2.36 

338 

4.72 

363.69 

270 

1.08    ] 

[.41 

2.37 

339 

2.37 

366.06 

271 

1.08  1   ] 

t.41 

2.40 

340 

2.40 

368.46 

272 

1.08  1   ] 

[.42 

2.41 

341 

2.41 

370.87 

273 

1.09 

[.42 

2.44 

343 

4.88 

375.75 

274 

1.09    ] 

[.43 

2.45 

344 

2.45 

378.20 

275 

1. 10  1   ] 

1.43 

2.47 

345 

2.47 

380.67 

276 

i.io   !    ] 

t.44 

2.49 

347 

4.98 

385.65 

278 

I. II       1 

[.44 

2.54 

348 

2.54 

388.19 

278 

1. 12       ] 

t.45 

2.55 

349 

2.55 

390.74 

279 

1. 12   i    ] 

t.46 

2.57 

350 

2.57 

393.31 

280 

1. 12       ] 

[.46 

2.f)0 

351 

2.60 

395.91 

2S1 

1. 12       ] 

t.46 

2.62 

353 

5.24 

401.15 

282 

1. 13       1 

t.47 

2.64 

354 

2.64 

403.79 

2S3 

1. 14       1 

[.48 

2.65 

355 

2.65 

406.44 

284   • 

1. 14       1 

.48 

2. 67 

357 

5.34 

411. 78 

286 

1. 15       1 

.48 

2. 68 

360 

8.04 

419.82 

288 

1. 16       ] 

[.48 

2.69 

361 

2.69 

422.51 

289 

1. 17       3 

[.49 

2.71 

2   ' 

363 

5.42 

427.93 

290 

1. 17   1    1 

t.49 

2.74 

364 

2.74 

430.67 

291 

1. 18       ] 

[.50 

2.75 

366 

5.50 

436.17 

293 

1. 19       1 

[.50 

2.81 

367 

2.81 

438.98 

294 

1. 19       ] 

.51 

2.82 

369 

5.64 

444.62 

295 

1.20  !   ] 

^5I 

2.83 

370 

2.83 

447.45 

1     296 

1.20  '   ] 

C.51 

2.8^ 

371 

2.85 

450.30 

297   , 

1. 21     ] 

.52 

2.88 

372 

2.88 

453.18 

298 

1.21  1   1 

.52 

2.89 

373 

2.89 

456.07 

29S 

1. 21  1   ] 

.52 

2.94 

374 

2.94 

459.01 

299 

1. 21     1 

^52 

2.95 

375 

2.95 

461.96 

300   1 

1.23     J 

.54 

2.97 

376 

2.97 

464.93 

301 

1.23  :  3 

r.54 

2.98 

379 

8.94 

473.87 

303 

1.23    1 

.54 

3.00 

380 

3- 00 

476.87 

'     304   1 

1.25    1 

N54 

3.02 

381 

3.02 

479.89 

305   ' 

1.26    ] 

.55 

3.04 

383 

6.08 

485.97 

306 

1.27    ] 

.56 

3.07 

385 

6.14 

492  II 

308 

1.27    1 

.56 

3. II 

386 

3.11 

.  495.22 

309 

1.28    1 

.56 

3.14 

387 

3.14 

498.36 

1     310 

1.28    ] 

[.56 

3.15 

2 

389 

6.30 

504.66 

311 

_^-2_9  .  _^ 

^57 

50 
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D 


3.17    1 

390 

3.17 

507.83 

3.24        1 

391 

3.24 

511.07 

3.28        1 

392 

3.28 

514.35 

3.2r;       1 

393 

3.29 

517.^ 

3.30       1 

394 

3.30 

520.94 

3.31       2       396 

6.62 

527.56 

3.33       1 

397 

3.33 

530.89 

3.3^      1 

39^ 

3-3^ 

534.27 

3.39       1 

399 

3.39 

537.66 

3.45       5 

\              401 

()Ap 

544.56 

3.55       5 

\              403 

7.10 

551.66 

3.56       1 

404 

3.5f> 

555.22 

3.59       1 

405 

3.59 

558.81 

3.70    : 

;      408 

II.  10 

569.91 

3.75       1 

4fJ9 

3.75 

573.66 

3.7f>      ] 

410 

3.76 

577.42 

3.79       3 

5      412 

7.5S 

58:;. 0() 

3.«o      ] 

413 

3.80 

588.S0 

3.HI        1 

414 

3.S1 

592.61 

3.H6    1 

415 

3.86 

596.47 

3.S9    1 

416 

3-^9 

600.36 

3.91    I 

417 

3.91 

604.27 

3.9^'    1 

41S 

3- 96 

608.23 

4.03       5 

5      420 

S.06 

616.29 

4.06      1 

421 

4.06 

620.35 

4.0.H       5 

5      423 

8. 16 

628.51 

4.13       1 

424 

4.13 

632.64 

4.22       ; 

X                   42^> 

8.44 

641.0^ 

4.25       1 

427 

4.25 

645.33 

4.32 

42S 

432 

649.65 

4-34 

429 

4-34 

653.99 

4.35      1 

430 

4.35 

658.34 

4.41      1 

431 

4.41 

662.75 

4.42 

432 

4.42 

667.17 

4.47 

433 

4-47 

671.64 

4.51 

434 

4.51 

676.15 

4.62      1 

43? 

4.62 

680.77 

4.64 

430 

4.^)4 

685.41 

4.69 

437 

4.69 

690.10 

4-73 

438 

4.73 

694.83 

4.77      ' 

:      440 

9.54 

704.37 

4-7<;      ' 

•      442 

9.58 

713.95 

5.f>3   ' 

443 

5.03 

718.98 

^.(H) 

444 

^.09 

724.07 

?.lg         1 

445 

5-19 

729.26 

F-24 

440 

5.24 

734.50 

5. .^7 

447 

5.37 

739-87 

?o2 

44^ 

5.52 

745.39 

? .  <  »2 

449 

5.62 

751.01 

?.7«) 

450 

5.79 

756.  So 

<).()<)      : 

»      4?2 

12.12 

76S.92 

^).'J()     ] 

453 

().2() 

775.18 

(..7s 

•   454 

6.78 

781.96 

S.K) 

455 

S.I9 

790.15 

•^.^5     1 

45<> 

^-^ 

70*^.70 

312 

1.29 

1.5" 

313 

1.30 

1-5^ 

314     1 

t.31 

I.  =9 

3M 

1.31 

1-59 

315 

1.32 

1-59 

317     ] 

t.33 

1.59 

31S     I 

r.33 

1-59 

318     1 

t.34 

1.60 

319     1 

t.34 

1.60 

321     ] 

[.30 

1. 61 

322     ] 

t.37 

1.6^ 

323     1 

.37 

1.63 

324     I 

.3* 

1.63 

326     ] 

1.39 

1.64 

327     1 

[.40 

1.65 

323     1 

^4I 

1. 6c 

330     1 

[.42 

1.65 

330     ] 

[.42 

1.65 

331     ] 

.43 

i.6«; 

332     ] 

N43 

1.6^ 

333     1 

[.44 

1.66 

334     ] 

.45 

1.66 

334  »   1 

f.45 

1.60 

336     ] 

1.47 

1.67 

337     ] 

1.47 

1.67 

33S     1 

.48 

1.67 

339     1 

[.49 

1.68 

341     1 

.50 

i.6> 

342     1 

C.51 

1.68 

342     ] 

^52 

I. Cm; 

343     1 

^52 

1.69 

344     ] 

.53 

i.6q 

345     1 

^54 

1.70 

346     ] 

1.54 

1.70 

346     ] 

[.55 

1.70 

347     ] 

t.56 

1. 71 

348     1 

r.56 

•  1.71 

349     3 

C.57 

1. 71 

350     ] 

1.58 

1. 71 

350     1 

.58 

1. 71 

352     ] 

N59 

1. 71 

354     1 

.61 

1. 71 

354     1 

.61 

1. 71 

355     1 

.62 

1.71 

356     1 

.63 

1. 71 

357     1 

.64 

1.72 

35s     1 

.65 

1.72 

358     ] 

.66 

1.73 

359     1 

.67 

1.74 

360     1 

.68 

r.74 

362     1 

.70 

1.74 

362     1 

.71 

1-75 

363     1 

[.72 

1.75 

364  '   1 

.73 

1.75 

365     1 

.75 

1.75 

H       STREAM  FLOW  DATA  WITH  REFERENCE  TO  WATER  POWER,  ETC.       5 1                    ^M 

^^V                                                                                                                                                                      ^M 

H       Sudbury  River  at  Framingham.     Drainage  Area,  75  Square  Miles.                   ^H 

^          Monthly  flows  in  second  feet  per  square  mile  arranged  chronologically,                       ^^M 

Ytar 

■     1B75 

Jan. 

0.159 

1  Feb, 

2.315 

Mch. 
2.482 

April 
4.718 

May 

1.838 

j  Jane 
1.346 

0.497 

Aug. 

0.612 

Sept. 

Oct 

Nov. 

2.015 

0.903                      ^1 

0.321 

1. 000 

■     1S76 

0.99s 

J2.1l6 

6.862 

5.094 

1.761 

0.343 

0.2S3 

0.627 

0.285 

0.361 

1.683 

0.702                ^H 

■    1S77 

1.019 

1.469 

7448 

3.703 

2.153 

0.924 

0.312 

0.187 

0.092 

0-977 

2.193 

1.995                ^1 

■    1878 

2.800 

3^814 

5*426 

2.516 

2,158 

0.782 

0.199 

0.736 

0.249 

0.799 

2.619 

4.916               ^M 

^fj79 

1.083 

2.647 

3.605 

4.821 

1.723 

0.640 

0.343 

o.6u 

0.218 

0.109 

0.318 

0.716          ^m 

^tS8o 

1*733 

2.765 

2.126 

1. 80S 

0,796 

0.271 

0.273 

0.134 

0.124 

0.157 

0.31^ 

^m 

0,642 

2.392 

6,195 

2.392 

1-493 

2.070 

0.428 

0.229  0.305 

0.287 

0.611 

^M 

1S82 

1.930 

3.718 

4.392 

T.342 

1.998 

0.818 

0.133 

0,086 

0.474 

0.463 

0.324 

^m 

tSSs 

0.518 

1.59S 

2.492 

2.088 

1.450  0.464 

0,178 

0.122 

0.141 

0.288 

0.317 

^m 

I8S4 

1.540 

4.397 

5-857 

4.415 

1-594 

0.644  0.346 

0.397 

0.068 

0.129 

0,271 

^H 

1     1885 

1. 910 

2.095 

2.433 

2.808 

2.067 

0.659 

0.096 

0.372 

0.187 

0.519 

1.822 

1.816               ^H 

B  18S6 

2.260 

7.428 

3.1S5 

3'Oi3 

1,114 

0-314 

0.179 

0.146 

0.182  0.22s 

1,041 

^M 

■  1887 

4.006 

4377 

4-437 

4-053 

1.561 

0.640 

0.178 

0.331 

0.172  0.294 

0.570 

0.995            ^M 

■  1S88 

1.629 

3.01 1 

5.009 

4.093 

2.526 

0.652 

0.182 

0.587 

1,786  3,093 

4.267 

4.708           ^m 

■  1S89 

4.305 

1.850 

2.071 

2.182 

1.361 

I, on 

0.980 

2.216 

1.274 

1.903 

3.003 

3.467            H 

■^  1890 

1.941 

2.366 

5.636 

2.900 

2. 114 

0.876 

0.166 

0.204 

0.708 

3.515 

1.879 

^M 

1891 

4.669 

5.393 

6.889 

3.708 

0.902 

0,639 

0.231 

0.252 

0.314 

0.325 

0.472 

^H 

1 892 

2.893 

1.459 

3.024 

1.347 

1.948 

0.662 

o>33i 

0.433 

0.354 

0.195 

I.08B 

^H 

1893 

0.671 

2.386 

5.020 

3.287 

4.460 

o.68r 

0.244 

0.280 

0.167 

0.343 

0.494 

^H 

1       1894 

1.082 

t.533 

3.462 

2.537 

1.299 

0.648 

0.24Q 

0.323 

0.232 

0.579 

1.293 

^H 

m    t595 

1.600 

0.837 

3.738 

3.901 

0.984 

0.270 

0-357 

0.354 

0.138 

2.133 

4.296 

^M 

■  [S96 

1.677 

4.140 

5.937 

2.311 

0.557 

0.617 

0.147 

0.068 

0.600 

0.916 

1,019 

Ijoib                  ^H 

■  1897 

1.307 

1.651 

3*968 

2.290 

I.416 

1.488 

LOtS 

0.914 

0.282 

0.145 

1.406 

^H 

■  1898 

2.534 

4.675 

4.028 

2.829 

1.928 

0.820 

0.357 

1.713 

0.571 

1^795 

3.072 

^1 

»  IS99 

3- 540 

2.136 

6.50s 

3.900 

0.791 

0,102 

0.029 

0.054 

0.145 

0.179 

0.470 

0.340            ^M 

1900 

1.228 

5.879 

5.653 

2,088 

2.030 

0.489 

0.028 

0.053 

0,  lOI 

0,288 

1.036 

H 

1901 

0.676 

0.464 

4.262 

6.504 

4-570 

1.165 

0.473 

0.656 

0.472 

0,637 

0-733 

4-179                  ^H 

m  1902 

2.728 

3.590 

6*497 

2.916 

1. 149 

0.469 

0.  lOI 

0.2081 

0.276 

0.782 

0,688 

2.753              ^B 

■  1903 

2.685 

3.526 

5.344 

3.498  0.542 

3.075 

0.689 

0.475 

0,201 

0.761 

0.561 

0.901                 ^H 

■  1904 

0.738 

1.365 

4.640 

5*096  2.699 

0,648 

0.096 

0.262 

0.614 

0.295 

0.447;  0.417                ^M 

■  1905 

2.t82 

0.510 

3.864 

2.543  0.460 

0.723 

0.275 

0.177' 

1.928 

0.24S 

0.431    [-373                    B 

^  1906. 

1.745 

1. 610 

3.727 

3.015 

1.638 

1.093 

0,615 

0.279 

0.030 

0.466 

0.747   1.019                   ^M 

Aver- 

I.66S 

2.766 

4.569 

3.241 

1. 721 

0.814 

0.30B 

0.436 

0.407 

0.756 

1.297   1.646                  ^H 

H        In  this   and  ih^  two  following    pages.    Tor    August.  1599,    and   July   and                  ^^M 

H    August,  i9fx>,  also  the  first  ihret  nuuibers  under  column  1  on  p.  53,  the  tlow                  ^^^ 

^B   was  n 

linus. 
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TABLE  VH. 

SuDBL'RY  River  at  Framingham.     Drainage  Area,  75  Square  Miles. 

Monthly  Hows  in  second  feet  per  square  mile  arranged  in  order  of 
magnitude  for  each  year. 


Year 


0.159  0-32I  o.4«;7  0.612  o.(/)3  1. 000  1.346  i.»3S  2.015  2.315  2.4S2  4.71S 
0.2S3  0.2^5  0.343  0.361  0.627  0.702  T). 995  1.6S3  1. 761  2. 116  5.094  6.S62 
o.o<;2  o.  1S7  0.312  0.924  0.977  1. 019  1.469  1.995  2.153  2.193  3.703  7.44^ 


1-^75 

1877  ,  .     _  ,    .       ...  ,       .    ,       ,,-        ..,         ,^  ^  .^  , ^^ 

1.S7S  0.199  '^^•24(>  0.736  0.782  0.799  2.15S  2.516  2,619  2.800  3.814  4.916  5.426 

1S79  o. io<)  0.218  0.243  0-31!^  0.61 1   0.640  0.716  1.0S3  1.723  2.647  3.605  4.S21 

18S)  0.124  <^.I57  0.1S4  0.271  0.271  0.273  0-3iS  0.796  1.733  1. 80S  2.126  2.765 

iSm  0.229  0.287  ^^^^S  0.428  0.611  0,642  1. 199  1.493  2.070  2.392  2.392  6.195 

1882  0.086  0.133  0.324  0,463  0,474  0.487  o,Si8  1.342  1.920  1.998  3.71S  4,392 

1S83  0.122  o.  141  0.178  0.288  0,299  0.317  0.464  0.518  1.450  1.593  2.08S  2.492 

i8'^4  0.068  0,129  0-271  0.3460.397  0.644  1. 431  1.540  1.5944.397  4-415  5.^57 

i8>5  o.(k/)  0.187  0.372  0.519  0,659  i-^i<^  1.S22  1. 910  2.067  2.095  2.433  2, So? 

1S86  0.146  0,179  0,182  0.225  0,314  1,041   I.I  14  1.57S  2.260  3.013  3. 1S5  7.428 

I^87  0.172  0.178  0.294  0.331  0.570  0,640  0.995  1. 561  4.006  4.053  4.377  4.437 

1888  0.182  0.587  0.652    1.629  i-7^^>  2.526  3. Oil  3.093  4.093  4-267  4. 70S  5.009 

1889  0.980  I. oil   1.274    1. 361    1.850   1.903  2,071  2.182  2.216  3.003  3.467  4.305 

1890  0.166  0.204  0.708  0.878  1. 541    l.S7()  1. 941  2. 1 14  2.366  2.900  3.515   5.636 

1891  0.231  0,252  0.314  0.325  0,472  0.639  0.S42  0.902  3. 70S  4.669  5.393  6.8?9 
iS.)2  0.195  0.331  0.354  0.433  0.662  0.750  1.088  1.347  1.459  1.94S  2.8q3  3.024 
l8«)3  ".  i()7  0.244  o.2>o  0.343  o.4()4  0.671  0.681  1.242  2.386  3.2S7  4.4fK)  5.020 
1^94  0.232  0.249  0.323  0.579  0.648  i.()S2  i.ioS  1,293  1.299  1-533  2.537  3.462 
i>95  o.  i3."-«  0.270  0.354  0.357  <>-^37  0.9S4  1.600  2.133  2.767  3.72S  5.901  4.296 
i8(/)  o.o>^  0.147  0.557  o.(Kx>  0,617  0916  1. 016  1,019  1.677  2. 311  4.140  5.937 
i^.)7  0.145  0.2^2  0.914  1018  1.307  1.406  1. 416  1.488  1,651  2.290  2.450  3.968 
l8()8  0.357  0.571  0.820  1. 713  1.795  1.928  2.534  2.783  2.829  3.072  4.02S  4.675 
iSi)()  -.054  0.029  0.102  0.145  0.179  ^*-340  0.470  0.791  2.136  3.540  3.900  6.505 
I9(K)  -.053  -.028  o.  loi  r).28j<  0.489  1.036  1.228  1.696  2,030  2.088  5.653  5.S79 
I901  0.464  0.472  0.473  o.()37  0.656  0.676  0,733  l-l<^>5  4.179  4.262  4.570  6.504 
l(^o2  o.  loi  0.20*^  0.276  o.4()9  0.688  0.782  1. 149  2.590  2.728  2.753  2,916  6.497 
i()03  0.201  0.475  0.542  0.561  0.689  0.761  0.901  2.685  3-075  3.4983.526  5.344 
I.J04  o.o<)()  0.262  0.295   0.417  0.447  0.^14  0,648  0,738  1.365  2.699  4.640  5.096 

177  0.245  0.275   0.4310. 460  0.5100.723  1.373  I.92S  2.182-2.543  3.864 


!()() 


I906    0.030   0.279  •>  4^'^^  0.615  0.747    1. 019  1.093   1. 610  1.638  1.745  3.015  3.727 
.41^'     .5>3     -74^     .9')4  1-233  1-631  2.284  2.819  3.650  5.040 
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TABLE  VIIL 

SuDiu'kY  River  at  Framingham.     Drainage  Area,  75  Square  Miles. 

Monthly  flows  in  second  feet  per  square  mile  arranged  in  order  of  magnitude 

of  whole  term. 


0.054 

0.17S 

0.279 

0.361 

0.579 

0.736 

t.019 

f.533 

1.928 

2.433 

3.093 

4.397 

0.053 

0.179 

0.2S0 

0.372 

0.587 

0.738 

[.036 

[.540 

1. 941 

2.450 

3.185 

4.415 

0.02  8 

0.179 

0.282 

0.397 

0.600 

0.747 

[.041    ] 

t.541 

1.948 

2.482 

3.287- 

4.437 

0.029 

0.182 

0.283 

0.417 

0.611 

0.750 

[.082 

[.561 

1.995 

2.492 

3.462 

4.460 

0.030 

0.182 

0.285 

0.428 

0.611 

0.761    ] 

[.083   ] 

r.57i> 

1.998 

2.516 

3.467 

4.570 

0.06S 

0.1 84 

0.287 

0.431 

0.612 

0.7S2    ] 

[.088 

.594 

2.015 

2.526 

3.49S 

4.640 

0.0S6 

0.1S7 

0.288 

0.433 

0,614 

0.782    ] 

[.o<>3 

1.598 

2.030 

2.534 

3.515 

4.669 

o.oSS 

0.187 

0.2S8 

0.447 

0.615 

0.791 

[.108    ] 

[.600 

2.067 

2.537 

3.526 

4.675 

0.092 

0.195 

0.294 

0.460 

0.617 

0.796    ] 

[.114    ] 

[.610 

2.070 

2.543 

3.540 

4.708 

o.o<;6 

0.199 

0.295 

0.463 

0.627 

0.799 

[.149 

1.629 

2.071 

2.590 

3.()05 

4.718 

0.096 

0.201 

0.299 

0.464 

0.637 

0.818 

[.165    ] 

1.63S 

2.088 

2.619 

3.703 

4.821 

O.IOI 

0.204 

0.305 

0.464 

0.639 

0. 820   ] 

[.199 

t.651 

2.088 

2.647 

3.708 

4.916 

O.IOI 

0.20S 

0.312 

0.466 

0.640 

0.837    : 

[.228 

[.677 

2.095 

2.685 

3.718: 

5.009 

0.102 

0.218 

0.314 

0.469 

0.640 

0.842 

[.242;         ] 

[.683 

2. 1 14 

2.699 

3.727 

5.020 

0.109 

0.225 

0.314 

0.470 

0.642 

0.878 

[.274 

[.696 

2. 116 

2.728 

3.728 

5.094 

0.122 

0.229 

0.317. 

0.472 

0.644 

0.901 

[.293             ^ 

r.713 

2.126 

2.753 

3.814 

5.096 

0.124 

0.231 

0.31S 

0.472 

0.648 

0.902 

[.299             1 

[.723 

2.133 

2.765 

3.864 

5.344 

0.129 

0.232 

0.318 

0.473 

0.648 

0A)03 

[.307 

1.733 

2.136 

2.767 

3.900 

5.393 

0.133 

0.243 

0.321 

0.474 

0.652 

0.914  ] 

t.342 

[.745 

2.153 

2.783 

3.901 

5.426 

0.138 

0.244 

0.323 

0.475 

0.656 

0.916 

1.346             1 

[.761 

2.158 

2.S0O 

3.968 

5.636 

0.141 

0.245 

0.324 

0.487 

0.659 

0.924 

[.347             ] 

[.786 

2.182 

2.808 

4.006 

5.653 

0.145 

0.249 

0.325! 

0.489 

0.662 

0.977 

f.361 

t.795 

2.182 

2.829 

4.028 

5.857 

0.145 

0.249 

0.331 

0.494 

0.671 

o.9vSo    ] 

[.365             ] 

[.808 

2.193 

2.893 

4.053 

5.879 

0.146 

0.252 

0.331 

0.497 

0.676; 

0.984    ] 

r.373. 

r.8i6 

2.216 

2.900 

4.093 

5.937 

0.147 

0.262 

0.340 

0.510 

0.681 

0.995    ] 

.4061 

t.822 

2.260 

2.916 

4.140 

6.195 

0.157 

0.270 

0.343 

0.518, 

0.688 

0.995 

.416 

[.83S 

2.290 

3.003 

4.179 

6.497 

0.159 

0.271 

0.343 

0.519 

0.689 

1. 000    ] 

[.431 

1.850, 

2.311 

3. Oil 

4.262 

6.504 

0.1 60 

0.271 

0.346 

0.542 

0.702, 

I. on 

[.450  1 

1.879 

2.315 

3.013 

4.267 

6.505 

0.167 

0.271 

o.354| 

o.557| 

0.708! 

1. 016   ] 

t.459i 

.903 

2.366 

3.015 

4.296, 

6.862 

0.172 

0.273 

0.354 

0.561: 

0.716 

1. 018 

t.469    ] 

[.gio: 

2.386 

3.024 

4.305^ 

6.S89 

0.177 

0.275 

0.357 

0.570 

0.723 

1. 019 

[.48S    ] 

r.920 

2.392 

3.072 

4.377' 

7.428 

0.178 

0.276 

0.357 

0.571 

0.733 

1. 019 

^493 

[.928 

2.  392: 

3.075 

4.392: 

7.448 

0.107      0.227       0.316       0.476       0.651        0.886       1.268,     I. 721         2.149;     2.747       3.831        5.472 

See  note  under  Table  VI  on  p.  51. 
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TABLE  IX. 

SoLTH  Branch  Nashua  River  at  Clinton.     119  S«,»laee  Miles. 

Monthly  Hows  in  second  feet  per  square  mile  arranged  chronologicallr. 

Jan.       Feb.     Mch.     Apr.      May     Jane      July     Aa|f.     Scpc     Oct.      Nor.     Dec. 


1^97 

1.232 

1.440  4.270  2.525  i.Soo 

1.S2S 

2.231 

1.3S6 

.52S 

.577 

1.9^4  5-5-1 

iv;S 

2.41S 

2.530  4.77S  3.137  2.151 

I.2Sl 

.514 

2.049 

1.045 

2.334 

3  35^  3-1^3 

1S99 

3.236 

1.6S7  4.295  5.224  1.344 

.S69 

■  545 

.365 

.357 

.37g 

.665     .555 

ir/jo 

1.232 

6.271  5.759  2.444  2.139 

.^94 

.336 

.304 

.197 

.437 

1.354  2.4^> 

Jf/TJl 

.'5«J3 

.551  4.205  7.711  4.222 

1.^25 

.73S 

.792 

.495 

1. 001 

.799  5.002 

I^/)2 

2.570 

2.16S  6.176  3.341  1.595 

.635 

.452 

.459 

.372 

I.47X 

.9S2  2.559 

K/03 

1.957 

3.300  5.297  3.463     .SSo 

3.297 

.966 

.734 

.5S0 

1.065 

-Q'^i  i.4:^» 

If/J4 

1.020 

1.434  4.653  4.617  2.317 

1. 179 

.769 

.549 

.764 

.535 

.530     .ti5o 

VfTjS 

1.959 

.700  4.64S  2.502     .6SS 

.83S 

.565 

.497 

1.900 

.567 

.6S4  1.575 

K/jfi 

1.757 

1.5SS  2.S7S  3.263  2.371 

1.S31 

1. 127 

.915 

.42S 

.920 

1. 160  1.229 

1..S19  2.167  4.6f>6  3.S23  1. 951   1. 418     .S25     .S05     .670    .899  1.250  2.252 


TABLE  X. 

South  Hranch  Nashua  River  at  Clinton.      119  Square  Miles. 

Monthly  flows  in  second  feet  per  square  mile  arranged  in  order  of  magnitude 

bv  vears. 


IS97 

.377 

52S 

1.232 

1.3S6 

1.440 

I.Soo 

1.S2S  1.984  2.231  2.525  3.521  4.270 

l>9^ 

.514    I 

045 

1. 281 

2.049 

2. 151 

2.334 

2.41S  2.530  3.137  3.189  3.35S  4-77^ 

1S99 

.365 

379 

.3^7 

.54^ 

.555 

.665 

.869  1.344  1.687  3.236  4295   5.224 

1 900 

.197 

304 

.336 

.437 

.S94 

1.232 

1.354  2.139  2.429  2.444  5.759  6.271 

1 90 1 

.49? 

551 

.73*^ 

.792 

.799 

.S03 

i.ooi  1.525  4205  4.222  5.002  7.711 

1902 

.372 

452 

.459 

.635 

.982 

1. 471 

1.595  2.168  2.579  2.859  3.341  6.176 

1903 

.5^0 

734 

.SSo 

.066 

.9.-1 

i.o()5 

1.476  1.957  3.297  3.300  3.463  5.297 

1904 

.530 

53^ 

.S4<) 

.6  So 

.764 

•  769 

1.020  1. 179  1.434  2.317  4.617  4.653 

I'^os 

.497 

565 

.567 

.6S4 

.6S? 

.700 

.•^38  1.575  1.900  1.959  2.502  4. 64S 

I(;06 

.42s 

S20 

.915 

1. 127 

1. 160 

1.229 

1.5SS  1. 751  1. 831  2.371  2.878  3.263 

•43'>     -592     .734     .930  1. 041   1.207  1-399  1.815  2.473  2.842  3-874  5.229 
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TABLE  XI. 

South  Branch  Nashua  River  at  Clinton. 

Monthly  flows  in  second  feet  per  square  mile  arranged  in  order  of  magnitude 
of  whole  term  regardless  of  the  years. 


I 

2 

3 

4 

5           6      !      7 

8      I       9            10           XI            la 

1 

I 

.197 

.452 

•  551 

.700; 

.869  1.065  1.386 

1.751,2.151    2.525   3.300  4.648 

2 

.304 

.459 

.555 

.734 

.880  1. 127  r.434  1.800  2.168  2.530  3.341  4.653 

3 

.336 

.495 

.565 

.738 

.894  1. 160  1.440  1.828  2.231  2.579  3.358  4.778 

4 

.365, 

.497 

.567 

.764 

.9151. 179  1. 471  1. 831  2.317  2.859  3.463  5.002 

5 

•372, 

.514 

.580 

.769, 

.966  1.229  1.476:1.900  2.334  2.878  3.521  5.224 

6 

•  377' 

.528 

.635 

.792 

.981  i.232!i.525  1.957  2.37113.137  4.205  5.297 

7 

.379: 

.530 

.665 

•799! 

.982    1.232    1.575    1.959  2.418   3.189  4.222    5.759 

8 

.3S7 

.538 

.680 

.803 

i.ooi  1.281  1.588  1.984  2.429  3.236  4.270  6.176 

9 

.428 

.548 

.684 

.820 

1.020  1.344  1.595  2.049  2.444  3.263  4.295  6.271 

ID 

.437 

.549 

.688 

.838 

1.045  1.354  1.687  2.139:2.502  3,297  4.617  7.7II 

.358 

.511 

.617; 

.776^ 

.955  1.220  1.5181.920  2.336  2.949  3.859  5.552 

TABLE  XII. 

Nashua  River  at  Clinton.     119  Square  Miles. 

Comparison  of  Available  Flow  Averaged  by  Three  Different  Methods. 


Chronologically. 

Order  of  Magnitude  by 
years. 

Order  of  Magnitude  of 
whole  term. 

Month. 

Flow  and        p.,.^ 
ment. 

NO. 

Flow  and  !      ^.  ^ 
'^S.Vn'rJAv^lru.c. 

No. 

Flow  and 
Develop- 
ment. 

Flow 
Available. 

Sept. 

.669      ,       .669 

I 

.436                      .436 

I 

.358     ,      .358 

Aug. 

.805      1       .794 

2 

.592 

.579 

2 

.511            .498 

July 

.824      '       .809 

3 

.734 

.697 

3 

.617 

.587 

Oct. 

j      .899          .866 

4 

.930 

.844 

4 

.776 

.706 

Nov. 

1.250         1. 100 

5 

I.O4I 

.918 

5 

.955 

.825 

June 

1. 418         1. 198 

6 

1.207 

I.OI5 

6 

1.220 

.980 

Jan. 

1. 819         1.398 

7 

1.399 

I. Ill 

7 

1. 518     1    1. 129 

May 

,    1. 951         1.453 

8 

1. 815                  1.285 

8 

1.920         1.296 

Feb. 

2.167         L525 

9 

2.473 

1.504 

9 

2.337     1    1.436 

Dec. 

2.251         1.546 

10 

2.842 

1.596 

10 

2.949         1.580 

April 

3.823         1.808 

II 

3.874 

1.768 

II 

3.859         1.740 

March 

4.696         1. 881 

12 

5.229 

I. 881 

12 

5.552     t    I. 881 
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r'ct  p»,^'^^xT  !? 


w  w  r*  r^  ; 


S     X     S     Z     X 


C  w  C  I"  I"  i>  f'-  r*  rs.  r^.  I 


««-,?-,  »r.  ir.  c  oc    C"  w  «^.  -C   r>.  C  —   "f-  ;^  ir  i  It 


C  —  CI  •r  -r  »/■.  "^^  'i:  «  f  »<•■  W-.  c  r^  c  C    3  3 

-f  "T  ^  "f  T  ^  *?  "t"  •*■•  »r.  u*.  ir.  IT.  tr.  U-.  iw    ^  ^ 
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M         jf  ^  —  —  "-».cicie«ciwe«c«cicoen«oe*^  « 

«*•          ^  "*;  C               iT.  itj  iTf  »r»  u".  «i".  u".  tn  m  »n  m  ir»  »r>  ir>  1/%  »n  i/^  tr» 

<  J: 
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TABLE  XIV. 
Merrimac  at  Lawrence.     1890  to  1906. 


Development 

Average 
Available 

Weeks 

'  Available  per  ct. 
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of.  Development 

0.3 

0.300 

0 

52 

1             100 
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17 
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1              92 
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1.055 
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30 

TABLE  XV. 
Connecticut  River  at  Holyoke,  Mass. 

C.  K.  S.=:Cubic  feel  per  second  on  the  watershed  of  8,660  square  miles. 
C.  K.  S,  S.  M.=(-ubic  feet  i»cr  second  per  s^juare  mile. 

Table  prepared  by  C.  F.  Chandler  and  S.  B.  PaJ 
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TABLE    W.^Cofitinued, 
Connecticut  Rivkr  at  Holyokk,  Mass. 

C.  F.  S.=Cubic  feet  per  second  on  tfae  watershed  of  8,660  square  miles. 
C.  K.  S.  S.  M.=Cubic  feel  per  second  per  square  mile. 

Table  prepared  by  C.  B.  Chandler  and  S.  R.  Palmrr. 


C.F.S. 

('.  F.  S. 
S.  M. 

1S81 

1 88  J 

1883 

1884 

1885 

1886 

1887 

.8«.    ' 

i88q 

i3y, 

iS,: 

4,850 

0.5601 

0 

150 

2 

150 

2  20() 

3  I(X; 

6 

63 

0  112 

2 

47. 

0 

35 

0 

24 

C) 

44 

2  r* 

4.9^)0 

0.5659 

0  150 

3 

153 

2  211 

4 

113 

I 

64 

I  113 

0 

47: 

2 

37 

I 

25 

0 

44 

0     iiJ 

4.950 

0.5717 

2 

152 

2 

155 

2213 

2 

"5 

2 

66 

0  113 

0 

47 

I 

38. 

0 

25 

0 

44 

1     IL^^ 

5,000 

0.5774 

2 

154 

2 

157 

4217 

1 

116 

3 

(K) 

OII3 

0 

47 

0 

3S 

0 

25 

0 

44 

3    10; 

5.050 

0.5831 

155 

2 

159 

0217 

I 

117 

2 

71 

0  113 

0 

47 

0 

38 

0 

25 

I 

45 

2  10; 

5,100 

0.5899 

156 

I 

160 

0217 

2 

119 

4 

75 

I   114 

0 

47 

0 

3S 

0 

25 

2 

47 

4  I'>'* 

5.150 

0.5947 

157 

0 

160 

2  219 

I 

120 

I 

76 

I  115 

I 

48. 

0 

38 

0 

25 

0 

47 

3  u: 

5.200 

:  o.(k;o4 

161 

0 

l()0 

0219 

3 

123 

0 

76 

0  115 

0 

4S 

0 

38 

1 

26 

2 

40 

I  n; 

5,250 

1  o.(>o62 

162 

0 

160 

I  220 

I 

124 

2 

7^ 

0  115 

0 

48 

0 

3^! 

0 

26 

I 

50 

3  II' 

5.300 

0.6120 

162 

0 

160 

0  220 

2 

126 

I 

79' 

0115 

2 

50 

4 

42 

I 

27 

2 

52 

I  11: 

5.350 

0.6178 

163 

0 

i(>o 

0  220 

2  128 

3 

82 

0  115' 

0 

50 

I 

43 

0 

0  — 

—  y 

0 

54 

3  i» 

5.4<^> 

0.6235 

164 

2 

162 

I  221 

I 

129 

3 

85 

0  115 

I 

51 

0 

43 

0 

27 

I 

55 

r  121 

5.450 

0.6293 

164 

0 

162 

0  221 

5 

134 

4 

89 

I  116 

0 

"51 

0 

43 

0 

27 

0 

55 

3  111 

5.500 

0.635*1 

2  166 

0 

162 

0  221 

I 

135 

2 

91 

I  117 

I 

52 

I 

44 

0 

"  t 

0 

5^ 

(J  124 

5.550 

o.64c>(^ 

1 67 

0  102 

0221 

0 

135 

3 

94 

0117 

2 

54 

0 

44 

0 

27 

I 

5<> 

I  i:: 

5,f)oo 

0.6466 

168 

3 

165 

0221 

3  13'^ 

2 

96 

0117 

0 

•54 

0 

44 

I 

28 

0 

56 

2  12: 

5.650 

0.6524 

168 

0 

165 

I  222 

() 

144 

1 

97 

0  117 

3 

57 

3 

47 

0 

2S 

0 

56 

I  12": 

5.700 

o.()582 

1(h) 

I 

166 

I  223 

4 

148 

2 

99 

0  117 

I 

5S 

I 

48 

0 

25 

0 

«;6 

I   I2i 

5.750 

o.6()40 

Hh) 

I 

167 

1  224 

1 

149 

0 

99 

0  117 

I 

59 

2 

50 

2 

30 

t) 

56 

I  1}:; 

5,800 

o.6()97 

169 

0 

T67 

I  225 

<) 

149 

2 

loi 

I  iiS 

0 

59 

2 

52 

2 

32 

I 

57 

0  ly 

5.850 

0.6755 

169 

3 

170 

0  225 

2 

151 

I 

102 

2  120 

2 

61 

0 

52 

0 

32 

I 

58 

0  i>. 

5.900 

;  0.6S13 

T70 

I 

171 

0225 

I 

152 

1 

103 

0  120 

0 

61 

I 

53 

I 

33: 

0 

58 

I  I  w 

5.950 

.  0.6871 

171 

I 

172 

I  22() 

I 

153 

2 

105 

1  121 

0 

61 

I 

54 

3 

36 

4 

62 

0  r-i 

6,(X)o 

''  0.692  8 

172 

0 

172 

2  228 

1 

154 

I 

ro6 

0  121 

I 

62 

1 

55 

0 

36 

0 

62 

4  i}': 

6.050 

0.69S6 

0 

172 

I 

173 

I  229 

I 

155 

0 

106 

I  122 

0 

62 

2 

57 

I 

37 

I 

63 

3  !,*■ 

6,100 

0.7044 

I 

173 

0 

173 

0  229 

2 

157 

I 

107 

I   123 

4 

66: 

0, 

57 

0 

37 

0 

65 

2   I4L 

6,150 

0.7120 

0  173 

0 

173 

0  220 

0 

157 

2 

im) 

2  125 

2 

68 

i| 

58 

2 

39 

0 

63 

I  141 

6,2CXD 

0.7159 

0 

173 

I 

174 

0  22() 

2 

150 

1 

no 

I    126 

3 

71 

0; 

58 

0 

39 

I 

(>4 

1  142 

6,250 

0.7217 

0173 

0 

174 

2  231 

0 

159 

T 

III 

0  126 

4 

75 

0 

«;8 

2 

41 

4 

68 

I    14; 

6,300 

0.7275 

I 

174 

0 

174 

I  232 

C^ 

i?'J 

3 

114 

0  126 

I 

76 

3 

61 

2 

43 

I 

Oi) 

0  14; 

6,350 

<^.7333 

I 

175 

0 

174 

0  232 

0 

I?') 

0 

114 

I    127 

0 

76 

I 

62 

I 

44 

I 

70 

0  14: 

6.400 

0.7300 

0 

175 

3 

177 

0  2  ^2 

(.) 

I?') 

I 

1 15 

0  127 

I 

77 

3 

6=; 

0 

44 

I 

71 

3  U"- 

6,450 

0.744S 

1 

I7(: 

I 

17-^ 

I  233 

() 

I?') 

0 

115 

1   128 

2 

79 

3 

68 

I 

45 

0 

71 

0  ir 

6,500 

0.7506 

I 

177 

I 

I?) 

1  2  ^4 

1 

Km.) 

4 

119 

0  128 

2 

81 

I 

69 

2 

47 

I 

72 

2  14' 

6,550 

0.7564 

2 

I  79 

I 

180 

2  236 

1 

161 

0 

119 

1    129 

2 

S3 

1 

70 

2 

49 

I 

73 

I  Uj 

6,6(W 

0.7021 

2 

I. -I 

3 

I  S3 

2  2:^8 

0 

161 

1 

120 

2  131 

3 

86 

I 

71 

I 

50 

2 

75 

0  14-. 

6,650 

0.7679 

3 

184 

0 

183 

I  239 

0 

161 

1 

121 

0  131 

2 

88 

0 

71 

I 

51 

0 

75 

I  If'- 

6,7o<J 

'>'11?^1 

2 

IS() 

0  T>3 

0  23r, 

2 

K'^ 

5 

I2<) 

I   132 

2 

<)0 

2 

73 

0 

51 

«:» 

75 

0  ly 

6,7^0 

0.7795 

{) 

I  .^6 

0 

'8/ 

I  240 

0 

163 

I 

127 

0  132 

0 

90 

3 

76 

0 

51 

2 

i  i 

I  Tri 

6,Soc) 

0.7S52 

3 

INJ 

0 

1^3 

1   241 

0 

i(>3 

2 

12Q 

3  135 

I 

91 

I 

77 

0 

51 

0 

t  1 

2  !•/■< 

6.S50 

0.7010 

0 

ISO 

0 

1S3 

I   242 

2 

165 

I 

130 

3I3S 

0 

91 

4 

81 

2 

53 

I 

1^ 

2  i:: 

6.90<.) 

0.706S 

0 

I>0 

0 

I  ^'; 

0  242 

I 

160 

0 

130 

0  138 

0 

91 

0 

81 

3 

56 

0 

78 

I  If'' 

(»,(;5<) 

0.t(j2() 

0 

IS(, 

I 

1^4 

0  242 

I 

167 

2 

132 

0  138 

0 

91 

2 

8-^ 

I 

57 

0 

78 

I  157 

7.(i(:)0 

0.  ^083 

0 

I  So 

T 

1S5 

I   243 

I 

168 

0 

132 

0  138 

0 

01 

5 

88 

2 

59 

I 

7Q 

0  irT 

7.050 

O.S141 

1 

loo 

2 

1S7 

2  245 

I 

I<J9 

I 

133 

1    139 

I 

92 

3 

91 

3 

62 

0 

79 

0  PT 

7.  i"<J 

o.-i()9 

I 

191 

1 

I  S> 

0  245 

0 

I6(, 

I 

^34 

I   140 

0 

92 

3 

94 

I 

63 

4 

^3 

(1 1=: 

7. 1 50 

0.S257 

1 

ro2 

0 

1S> 

0245 

0 

1 69 

1 

135 

I   141 

1 

93 

3 

97 

0 

63 

I 

84 

0  If: 

7.2'K) 

0.S314 

0 

102 

(.) 

ISS 

I  24() 

I 

170 

I 

136 

2  143 

2 

95 

I 

98 

2 

65 

I 

^5 

2  i:.i 

7,2  =  f  > 

o.>372 

0 

192 

0 

IS^ 

0  24<. 

0  T  70 

2 

13S 

1    144 

1 

96 

4 

102 

2 

67 

4 

89 

I    IL> 

7,300 

0.S430 

I 

193 

I 

1S9 

0  246 

2 

172 

0 

13'^ 

1    145 

3 

99. 

3 

105 

3 

70 

I 

90 

I    101 

7.3?f' 

(».S4>'S 

0 

103 

0 

i>') 

2  2jS 

2 

174 

0 

138 

0  145 

3 

102 

I 

106 

I 

71 

I 

9^ 

I  V'2 

7.4"<) 

0.0 545 

2 

'95 

0 

IX; 

I  249 

I 

17s 

2 

140 

3  148 

2 

104. 

2 

loS 

I 

72 

0 

9« 

I    If-; 

7,4?" 

0.^603 

0 

105 

I 

loo 

0249 

I 

170 

1 

141 

0  148 

2. 

106 

0 

108 

2 

74 

I 

92 

0  I  ('3 

7,io() 

o.-fiM 

1 

i..,«. 

2 

I<)2 

I  250 

2 

17^ 

3 

144 

2  150 

2 

loS 

0 

108 

I 

75 

0 

1)2 

2  IP: 

7,54" 

'.>-^7i'» 

(} 

[.,(. 

2 

104 

1   251 

2 

I  So 

I 

145 

2  152 

3 

III 

I 

109 

2 

77 

0 

92 

0  16: 

7,f.(;o 

i\>"h 

1 

i')7 

0 

104 

1  252 

1 

181 

0 

145 

1  153 

4 

115 

I 

no 

0 

77 

0 

92 

2  10: 

7.(150 

o.-^^34 

I 

198 

0 

i'.>4 

02  =  2 

I 

182 

1 

146 

I  154 

4 

"9; 

2 

112 

0 

77 

0 

92 

0  It: 

7,70(.> 

o.>M,2 

0 

io> 

a 

104 

2254 

1 

^•^3 

3 

149 

0  154 

2.12l| 

I 

113 

2 

79 

0 

92 

I  It? 

7,7;<j 

O.S:j50 

I 

1 09 

I 

^;5 

I  21^5 

0  183 

4 

i-'^. 

1  it^^ 

2- 

123' 

I 

114 

2 

Si 

0 

92 

0  uJ- 

7,>oo 

.  o.f,o()7 

1 

200 

0 

10= 

0  251 

0 

rS3 

3 

1^6 

3  15^ 

1' 

124 

0 

114 

0 

Si 

0 

g2 

0  tor 

7,^5^) 

o..;.>hS 

0 

2(."> 

I 

ro«> 

I  2  5<.< 

0 

ii^3 

2 

158. 

I  159 

3  127. 

1 

115 

I 

S2 

o" 

92 

1  inq 

7,<i<><> 

')..»!  23 

I 

2«.il 

ri 

i()(i 

U  2^0 

I 

1-^4 

2 

Kx) 

0  1^9 

3 

130: 

2 

117 

I 

83 

2" 

94 

0  rbg 

7.050 

o.oi-r 

0 

2t.)l 

0 

\o^ 

t)  I^t. 

o\S:^ 

u  Kio 

I  liyo 

0  130! 

0 

117 

0 

83 

I 

'*5 

oita 

^,0{}t) 

(M/J3> 

0 

2ni 

c 

M.,() 

^^  2^V 

I)  vS:^    1  \ivi. 

i\i\*i 

v^ 

AIj'^ 

•J 

T 

a 

S^. 

I 

96 

0169 

TABLE  XV.- 

-CoHcludfJ,          ^^^^^^^^^^J 

^^H 

CONNKCI'ICIT    RlVEft   Al 

HoL\ 

oKE,  Mass.                  ^I 

^^^^^^^^1 

Pint  column  under  each  year  Is  number  of  days 

each  flow  occurred.                             ^" 

^^^^^^^^^^^ 

Second  column  under  c«ch  year  give*  number  of  tlay*  each  flow  was  not  exceeded. 

^^^^^^H 

Norwich,  Cone 

1,,  from  dAU  by  A.  F.  Sickroan. 

Holyoke.Ma». 

^^^H 

ti^      t8w 

tSM 

>%s  , 

m> 

*M 

iM 

ii99 

Totsl. 

ATcnscL 

C.¥.% 

s.           ^H 

I 

J   1 

56   3|I43 

3I136 

3179 

J  toe 

3 

79 

1 
2 

59 

I 
2134 

I 
35;«.934 

i.d'  101.4 

4,850 

0-5601 

3 

58j 

41^7 

i;i37i  1 180 

11107    51 

84 

0 

59 

1  135 

29  1^963  1.5   102.9  4.9*»o 

0.5059 

2 

60 

2149 

3,140    2  182 

0107   4 

88 

0 

59 

I  136 

26  1.989  1,4 

104.3  4.950 

0.5717 

3 

63    0149 

4  144    0  182 

I  loS    i' 

89 

I 

60 

2  138 

27  2,oi6!i.4 

105.7  5,000 

0.5774 

s 

65j 

21511 

5,149    1  183 

2  no    i| 

90 

3 

63 

2  140 

27  2.n43;i.4 

107. 1  5.050 

0.5831 

3 

68 

0151. 

3152    I  184 

I 

III    4i 

94 

0 

63 

4144 

31  2,074  1.6 

108.7, 5.100 

0.5889 

2 

70 

I152I 

3il55    3  187 

1 

112    II 

95 

0 

63 

6ii5o 

27  2.101  1.4 

iio.i   5.150 

0,5947 

t 

7« 

311551 

r  156;  2  189 

I 

113    1 

96 

0 

63 

41 1 54 

24  2.125  1.3 

111.4  5.200 

0.6004 

3 

74 

4159! 

4160   I  190 

2 

115    1 

97 

0 

63 

4158 

28'2.i53  1.5 

112.9  5^250 

0.6062 

o 

74 

2i6r 

0 160   0  190 

OT15    i» 

98 

0 

63 

5163 

21  3,1741.1 

114.0  5.300 

0,6120 

t 

75 

0161 

3 163   0 19U 

2  117    0 

98 

1 

64 

4,167 

23  2,1971.2 

115.2  5»35o 

0.6178 

I 

76 

1 162 

I  164    I  191 

o'ii7    0 

98 

0 

64 

51I72 

20  2.217  I.I 

116.3   5,400 

0.6255 

o 

76 

1163 

4168   0  191 

0117    0 

98 

I 

65 

3175 

22  2,239  1.2    1 17-5   5»450 

0.6293 

0 

76 

0  163 

1  169    0 igt 

1  liS   0 

98 

1 

66 

3178 

14  2.2530.7 

118.2   5.500 

0.6351 

3 

79 

0163 

01169    3194 

3  121     0 

98 

0 

66 

I|179 

18  2,271  0.9 

119.1   5*550 

0.6409 

I 

80 

I  164 

i|i7o    I  195 

0 

121    0 

98 

1 

67 

1  180 

18!  2,289  0.9 

I30.0    5.600 

0.6466 

o 

80 

3167 

3172,  I  196 

0 

121     0 

98 

0 

67 

3 

183 

241 2,313:1-3 

121.3  5.650 

0.6524 

t 

Bi    Oji67 

3|i75 

1 197 

I 

123     II 

99 

0 

67 

I 

184 

2o|  2.333  1.1 

122.4  5.700 

0.65 82 

t 

$2    I  168 

2177 

0197 

0 

122    o\ 

99 

1 

68 

0 

184 

14,2.3470.7 

123.1  5.750 

0.6640 

f 

83 

31171 

2179 

1,198 

3 

125    0 

99 

1 

69 

0184 

20' 2,367  1,1 

124,2  5.800 

0.6697 

> 

84 

0171 

I  180 

1199 

1126   0 

99 

2 

71 

3187 

20  2,387  I.I 

125*3  5,850 

0.6755 

2 

86 

3174 

0180 

I  200 

1127   0 

99 

0 

71 

0187 

14  2.4010,7 

126.0  5.900 

0.6813 

1 

87 

5 

179 

2182;  1201;   2129    I 

100 

I 

72 

1  188 

29  2,4301-5 

127.5  5.950 

0.6871 

o 

87 

3 

181 

3I&4    2203 

1  130   0 

100 

I 

73 

01S8 

19  2.449  1.0 

128.5,  6,000 

0.6928 

3 

90 

I 

182 

I11S5    3206 

3  133    0 

too 

2 

75 

1  rSg 

25  2.4741*3 

129.S  6.050 

0.6986 

I 

91 

1:183 

2187,  01206 

3|136,  0 

loo 

0 

75 

1  KJO 

19  2.493  t.o 

130.8;  6.100 

0.7044 

3 

94 

1184 

01187    1,207 

1  137    2 

102 

3 

78 

0190 

21  2.514  II 

131.9  6.150 

0,7102 

a 

96 

0184 

IjiSS    3210 

3  14*>'  1 

103 

0 

78 

2  192 

22  2.536  K2 

133.1  6.200 

0.7159 

3 

981  i!i85 

2190    2  212 

I  141    0 

103 

I 

79 

2194 

25  2,561  1.3 

134.4  6.250 

0.7217 

1 

99!  ^1*^7 

1  191    3215 

1  142   0 

103 

I 

80 

2  196 

23  2,584  1.2 

135,6  6.300 

0.7275 

3 

loii  0187 

I  192   0215 

2  144   0 

103 

0 

80 

0196 

I0  2.5f*4  0.5 

136.1  6.350 

0.7333 

4 

loS|  I  188 

0 192    I  216 

2,146   0 

103 

t 

Si 

0  196 

21  2,615  1,1 

137.3  6,400 

0.7390 

o 

ro5   3;  191 

0192!  0216 

21148    1 

104 

0 

Si 

0196 

16  2.631 0.8 

138.0  6,450 

0,7448 

t 

100 

3194 

4  196J  0  216 

2150    I 

IQS 

2 

83 

1  197 

30|  2,661  1.6 

139.6:  6.500 

0,7506 

t 

107 

11195 

3  199   0216 

2152   0105 

1 

84 

0197 

22  2,683  1.2 

140.8  6.550 

0.7564 

4 

III 

0195 

t  200   0216 

3155   0105 

2 

86 

I  198 

28  2.711  1.5 

142.3  6.600 

0.7621 

3 

113 

0195 

0200  0216 

0I155    f  106 

:  0 

86 

0198 

12  2.7230.6 

142.9  6,650 

0.7679 

O 

113 

2197 

I  2ot|  oai6 

o|i55    0106 

1 

87 

0198 

18  2.741  0.9 

143.8,  6,700 

0.7737 

2 

lis 

0197 

1202     Q2l6 

0155    0  to6 

0 

87 

1  199 

12  2.7530.6 

144,4  6.750 

0.7795 

O 

US 

0197 

0202   0216 

2  157   0 

lOfi 

0 

87 

0199 

15  2.7680.8 

145.2  6.8cx> 

0.7852 

3 

111 

2199 

4206   0216 

2  159   0 

106 

1 

S8 

1  200 

28  2.796  1.5 

146.7  6.850 

0.7910 

O 

111 

V2QQ 

i  207   0,216 

2161    0 

106 

I 

S9 

0200 

10  2.8060.5 

147,2  6.900 

0.7968 

I 

118 

0200 

1208   0216 

1  162    0 

n:i6 

2 

91 

I  20t 

14  2.8200.7 

147.9  6.950 

0.8026 

3 

I2Q 

2202 

0208:    1217 

o|t62   0 

106 

1 

92 

1  202 

18  2,8380.9 

148.8;  7.000 

0.8083 

3 

132 

0202 

3  2toj    2219 

0162   0 

106 

1 

93 

0202 

22  2.960  1.2 

150.0  7,05a 

0.8141 

I 

123 

1203 

0210  1220 

4166   0 

106 

0 

93 

2  204 

21    2.881  I.I 

151. 1    7.100 

0.8199 

I 

124 

0203 

I  211     0220 

I  167   0 

106 

0 

93 

I  205 

12  2,8930.6 

151.7;  7.150 

0.8257 

O 

124 

I  204 

1212     I  221 

t  16S   0 

106 

3 

96 

1  206 

21   2.914  I.I 

152.S  7,200 

0.8314 

O 

124 

2206 

I  213    2223 

0168    1 

107 

I 

97 

2208 

24  2.938  I.J 

1 54. 1    7.250 

0.S372 

o 

124 

1  207 

0213    0223 

Iil6ij    0 

107 

0   97 

1209 

19  2.957  1.0   15S.I,  7.300 

0.8430 

1 

125 

1208 

t  2t4,  0223 

I  170    0107 

0 

97 

0209 

15  2.9720,8 

155.9  7.350 

0.8488 

t 

126 

1209 

3217  0223 

1171    0107 

0 

97 

0209 

21   2.993  1.1 

I57-0,  7.400 

0*8545 

o 

126 

0209 

OJ2I7,  1224 

0171,  0107 

0 

97 

1,210 

10  3.w>3  0.5 

157*5   7.450 

0.8603 

3 

128 

0209 

0217   1225 

01 171 ;   1  108 

3 

99 

l!2tt 

23J3.o36i.2|  158.7'  7t500 

0.8661 

3|130|    t  3IO 

2219   1226 

o|t7l    2 

no 

2 

lOI 

0I2II 

24'  3.050  1-3 

160.O1  7.550 

0.8719 

o 

130     I  211 

1220  2228 

1,172    Olio 

2 

103 

0211 

I8I  3,068  0.9 

160.9  7.600 

0.8776 

3132 

2213 

I  221     1229 

1  173    I  111 

108 

1  212 

14  3»oQ2i.3 

162.2!  7.650 

0.8834 

0132 

0213 

1222     0  22g 

3  176   0111 

no 

2214 

20  3.112  KI 

163.3   7,700 

0,8892 

3 

1I34 

2  215 

0  222     3  232 

3,179    0 

111 

in 

I215 

25  3.1371.3 

164.6  7.750 

0.8950 

I 

135 

I  216 

2|224     2234 

1 

t8o  0 

111 

"3 

1     3  217 

i9  3.i5tn.o 

165*6  7.800 

0.9007 

3 

^7 

1217 

1,225     4238 

I 

181;    I 

112 

114 

1  21S 

23  3'179  1  2 

166.8!  7,850 

0.906s 

0 

137 

I  218 

Oj225|   0238 

2;i83i  0 

112 

01T4 

2  220 

17  3.1960.9 

167*7!  7.9^*0 

0.9123 

3140 

o|2t8 

02251   0338 

0,183,  1 

113 

0114 

0220 

6  3,202,0.3 

,168.0'.  1,^*1^ 

V5».^\%\ 

I  141 

m 

1336 

'  /   i 

o3j8i  ojaj    OillJ 

1   3  117 

11321 

1   i5,3.i^7V.^\i<>'%A\^*«w 

^•SFl^ 

■ 

■ 

■ 

■ 

HI 

■1 

^^H^l 

« 

\ 


64  TWKNTV-FOURTII    ANNUAL    MEETING. 


c 
3,z:         -.  

S  >  y"       ■                                                                                   '^ 

^                              5<:  ±.           'iO  O  m  to  O^  »i^  O*  ^00   N   ii^oo    1-1    -to  ac 

c                             <  \|,        |OCOdCOOOOOOO=?OOC       J! 

I  ^         > 

</".  •                                                                                                                             « 

rr                     u             fi                         ^ji  •"   ■*          '    '     '  M  M  *H  M  M  i.^  M  ^  ci  c«  ci  r<  c«      = 

^      .                                 <  -                                i-  >  •/:                                                                                                                       ^ 

S"  rs  ^      s-5^     "Z      ^  '  1-' - 

9  I  ..."  flM  i  ^ 


i-ini^cor^OO'-'esiric*^"^^**-.  tnvC       £ 


S.H  t: 


ieo  ij  s  ■/:  >  —  •- 


s=^^>  C**- 


•^  i-o   o  «  •*•  -c  c    ^* 

»i^  »r>  «o  M^O  O  <2  w         " 


M  O  CO  r^  -t  e*  00   c^co  »r.  r« 
O  •-•  «-•  «  «o^Tf»ooo  »-^x 


«•  coo  OM  u-icc    C    r-.O 


>           ^—  .*^#>''k^.-=-i:i_*k.i                         ^*                ^incij-e^i  'to   l--'C>C'-    —    we'.  1-  - 

wi     7^r-C-?y3  7vHsHc,H'-»--^        ^'  ^        ='             ►-i-iOi^^-M'tOeo^ONeomt"*-^  i 

r:    u  u  ~—  "*  •'■'7  Il-i--.-.--..                      =^         N-coci?coo^coc«i-«C   ^00  i-^  r*  c 

i,b-ju'-t-u-  =  =  s-r  —  —  —  "                        ■"             foir>r^C^««*^»nt^cooci'<(j'Oi'^c^«  a 

Ji    I-  L.  —  — -^  ■^~"y.i'-r^J2-2^         uo        •"             3CO'-»-»^_»l«-«^«««wcofoeoto  ? 

00  m^to«  *-  5  o»co  r«* o  o  w^  "* 

?o  Tf  tno  r>.ao  5»oO'-'Mro^«n  ~ 


3   tf  -'J 


-  x    CI  O   C   •^QO  w  O  O  ^oc  «  O   C   -tx       C 

'/^-       "~  '    *    '  N-'  I-.*  M  iH  ei  CI  CI  ei  to  to  CO  to  'f 


,"/. 


CI  to  "T  »« O  r^co  o»0  ►*  N  eo«^»oo  r^ 

c  deed  d  d  d  -'  *^  -'  •-*  -*  -*  -  ^ 


STREAM  FLOW  DATA  WITH  REFERENCE  TO  WATER  POWER,  ETC.       65 


TABLE  XVH. 

Flow  of  Streams. 

CoNNKCTicuT  RivER  at  Holyoke.  Calculations  made  daily. 
Sudbury  Rivbr,  near  Boston.  Calculations  made  monthly. 
Croton  River  near  New  York.    Calculations  made  monthly. 


Cubic 

Connecticut. 

Sudbury. 

r9  Years. 

!       Croton. 

19  Years. 

Feet 

ig  Years. 

1881  to  iSgo. 

8,660  Square  Miles. 

i88x  to 

1890. 

i88z 

to  1899. 

pet  Sec. 

75  Square 

Miles. 

:       338.8  Sq 

1 

uare  Miles. 

perSq. 
Mile 

Per  cent 

Per  cent 

1 

Per  cent 

Full  Days 
312 

available' 
100 

Full  Days 
304 

available 

;  Full  Days 
312 

available 

.1 

99 

100 

.2 

311 

100 

275 

96 

312 

100 

•3 

301 

98 

258 

92 

312 

100 

.4 

260 

97 

234 

89 

1        304 

100 

.5 

227 

94 

218 

86 

1        281 

98 

.6 

201 

90 

208 

83 

i        270 

96 

.7 

181 

86 

190 

80 

256 

95 

.8 

164 

81 

186 

78 

i        229 

93 

.9 

146 

78 

180 

75 

215 

90 

I.O 

133 

75 

170 

73 

1        195 

87 

I.I 

121 

72 

162 

71 

177 

85 

1.2 

no 

68 

158 

70 

,         169 

83 

1.3 

102 

66 

152 

69 

;     160 

80 

1.4 

93 

64 

145 

67 

148 

78 

1.5 

85 

61 

137 

65 

138 

76 

1.6 

77 

59 

127 

64 

134 

74 

1.7 

71 

57 

122 

63 

126 

72 



._ 

.  .. 

The  above ''full  dajrs"  were  obtained  by  dividing  the  total  number  of  days  each  flow  oc- 
curred during  the  whole  term  of  years  by  the  number  of  years  to  obtain  the  average  number 
of  days  each  flow  was  available. 

The  percentage  was  obtained  by  adding  the  products  of  all  flows  by  the  number  of  days 
they  occurred  and  dividing  the  ^um  by  the  products  of  the  given  development  multiplied 
by  the  whole  number  of  working  days  in  the  year. 

Computed  by  Chandler  &  Palmer,  z6i  Main  Street,  Norwich,  Conn. 
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DISCUSSION— Stream  Flow  Data. 

Mr.  Hart:  There  was  one  point,  Mr.  President,  that  I  did 
not  quite  understand,  and  that  is  whether  these  records  are  taken 
on  the  six-day  week  basis?  Did  I  understand  that  that  applies 
to  that  form  of  information  or  is  a  seven-day  week  given  also? 
I  simply  wish  to  say  this  because,  for  an  ordinary  manufacturing 
plant  the  six-day  week  is  the  usual  basis  on  which  the  informa- 
tion should  be  considered,  but  for  a  lighting  plant  or  a  plant 
tliat  has  to  run  more  than  six  days  per  week,  here  in  Connecti- 
cut we  would  have  to  consider  it  upon  a  seven-day  basis.  And  it 
is  particularly  important  here  because  of  the  fact  that  in  a  gjeat 
many  instances  on  Sunday  the  manufacturer  gets  the  benefit 
of  the  pondage  flow  and  in  figuring  the  availability  of  a  water 
supply,  especially  where  there  is  no  close  figuring  to  be  done, 
that  has  to  be  taken  into  account.  The  manufacturer  who  works 
but  six  days  a  week  can  draw  upon  the  pondage,  but  a  plant  that 
has  to  run  on  Sunday  may  make  a  very  serious  inroad  into  the 
supply  and  may  show  that  it  is  inadequate.  This  is  especially 
the  case  with  a  power  plant  that  has  to  run  seven  days  a  weekl 

Mr.  Chandler  (by  letter) :  In  answer  to  Mr.  Hart's  question 
I  would  say  that  the  Croton,  Sudbury  and  Nashua  calculations 
are  made  monthly  and  thus  must  include  Sundays  as  well  as  week 
days.  The  Merrimac  calculations  are  made  weekly  and  include 
the  Sunday  flow.  The  Holyoke  records  give  week  day  flows 
only.  The  Sunday  flows,  when  there  is  considerable  water 
running  to  waste,  do  not  vary  materially  from  the  adjacent  week 
day  flows.  At  low  stages  of  the  stream  the  Sunday  flow  is  only 
what  leaks  through  the  dam  and  such  water  as  is  used  by  any 
mills  that  run  Sunday.  That  is,  at  Holyoke  the  Sunday  flow 
signifies  nothing  regarding  the  natural  flow  of  the  stream,  and 
while  it  has  its  place  in  weekly  calculations  or  in  daily  data  g^iven 
chronologically,  it  would  be  misleading  in  daily  data  arranged  in 
order  of  magnitude,  as  it  would  indicate  a  nominal  flow  only  on 
many  days. 
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METERS  AND   WATER   CONSUMPTION  OF 
THE  HARTFORD  WATER  WORKS. 

By  Ermon  M,  Peck,  Mem.  Conn,  Soc.  C.  £. 

When  the  big,  new  Tumble  Down  Brook  Reservoir  was  com- 
pleted in  1895,  it  was  predicted  confidently  by  many  wiseacres 
that  Hartford  would  not  need  another  reservoir  for  many  years 
to  come.  The  population  of  the  city  at  that  time  was  about 
66,500- 

In  December,  1899,  only  a  little  more  than  four  years  later, 
however,  with  a  population  of  about  80,000,  or  only  about  13,500 
g^reater,  the  city  suddenly  found  itself  confronted  by  one  of  the 
worst  water  famines  in  its  history.  To  produce  this  condition 
of  affairs,  two  factors  were  dominant,  viz:  unfavorable  occur- 
rence of  rainfall  and  consumption  greatly  in  excess  of  its  needs. 
In  this  exigency  the  hustle  gong  was  sounded  for  the  construc- 
tion department,  and  in  record-breaking^  time,  pumps,  boilers, 
intake,  and  a  new  force  main  were  installed,  only  to  *Mie  a 
bomin'*;  for,  with  all  the  irony  of  fate,  on  tlie  very  day  upon 
which  the  new  plant  was  to  be  tested,  Jupiter  Pluvius  deluged 
the  earth,  and  Hartford's  latest  water  famine  passed  into  history. 
In  the  meantime,  however,  for  several  weeks  the  decrepit  old 
pumping  plant  which  had  been  used  to  supply  the  city  from  the 
Connecticut  River  nearly  half  a  century  before,  had  been  started 
into  action,  and  hmped  along  until  one  morning,  crystallized  from 
many  years  of  over-straining,  the  piston  rod  of  its  engine  broke, 
and  the  fortune  of  the  Hartford  Water  Department  looked 
darker  than  ever.  The  Hartford  Street  Railway  Company  was 
our  good  angel  in  this  dilemma,  and  its  general  manager  very 
kindly  furnished  and  installed  a  motor  to  operate  the  pumps, 
so  that  in  a  few  hours  we  were  able  to  force  filthy  Connecticut 
River  water  into  our  mains  with  as  much  gusto  as  formerly,  and 
continued  to  do  so  until  the  occurrence  of  the  storm  noted  above. 
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fields  3,000.  Floatinj^  population,  equivalent  to  4,000  regular 
consumers.  The  estimate  uf  the  floating  population  was  arrived 
at  by  stationing  observers  at  the  outskirts  of  the  city  on  the 
various  trolley  lines  to  count  the  passengers  bound  citA'ward. 

Similarly,  observers  were  placed  at  the  Union  Ftailroad  Station. 
Each  "floater"  was  estimated  equal  to  one-third  the  regular 
consumer. 

At  the  present  time  the  department  has  10,922  services  and 
10,814  rneters,  99  per  cent,  of  the  taps  being  meterefl.  This  is 
a  high  percentage  compared  witli  that  of  other  cities. 

It  should  be  said  in  this  connection  that  the  above  reduction 
in  the  consoniption  of  water  has  not  been  acct^mplished  by  meters 
alone,  but  partially  by  a  rigid  waste  and  leak  inspection  which 
has  gone  hand  in  hand  with  it.  Inside  the  premises  tlte  inspection 
has  been  prosecuted  by  the  meter  readers.  In  the  streets  the 
water  mains,  services,  hydrants,  etc.,  have  b^en  inspected 
regularly  by  parties  of  men  who  did  nothing  else.  Tlie  early 
experiences  of  this  leak  survey  party  w*ere  marked  by  the  dis- 
covery of  many  leaks^ — some  large  and  of  long  standing.  The 
leak  survey  was  established  in  1902,  but  did  not  operate 
extensively  until  1904.  The  large  drop  in  consumption  for 
that  year  1  consider  largely  due  to  its  work. 

The  rise  in  consumption  in  it>o2  I  consider  due  to  the  fact 
that  the  *'big  bill  bogey,"  always  easily  conjured  by  the  excited 
minfl  of  the  water  taker,  had  failed  to  materialize  and  the  reaction 
towards  increased  consumption  usually  noted  in  such  cases  had 
set  in.  This,  of  course,  was  cut  down  in  the  succeeding  years 
by  fighting  w^aste  and  leaks. 

In  this  connection  I  may  say  that  a  very  interesting  computa- 
tion was  made  during  the  past  year  designed  to  show  the  pro* 
portion  of  the  water  passing  the  Venturi  meter  at  the  distributing 
reservoir  which  could  be  accountetl  for.  After  making  proper 
allowances  for  unmetered  water,  and  under-regist ration  of 
meters,  it  was  found  that  only  16  per  cent,  of  the  water  as 
registered  by  the  Venturi  remained  unaccounted  for.  Since  that 
time  several  of  our  fire  ser\nce  pipes  have  been  metered,  with 
the  result  that  this  percentage  could  be  somewhat  reduced. 

Recently  the  Eloarrl  of  Water  Commissioners  has  become 
impressed  with  the  importance  of  systematic  tests  in  order  to 
keep  the  meters  within  permissible  limits  of  registration.     We 
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require  all  meters  to  test  not  lower  than  98  per  cent,  and  not 
more  than  100  per  cent,  on  full  flow. 

All  five-eighth  inch,  three-quarter  inch,  and  one  inch  meters 
are  required  to  register  on  a  one-thirty-second  inch  stream  under 
the  pressure  at  our  testing  bench,  which  would  be  equivalent  to 
a  flow  of  .0230  cubic  feet  per  minute.  It  is  the  intention  to  test 
all  meters  at  least  once  in  four  years  and  perhaps  oftener. 

Meters  larger  than  one  inch  are  required  to  test  more  in  accord- 
ance with  the  service  for  which  they  are  used  than  by  a  fixed  rule, 
although. as  a  general  proposition  one  and  one-half  inch  and  two 
inch  meters  are  required  to  register  on  a  one-sixteenth  inch  stream 
equal  to  a  flow  of  about  .113  cubic  feet  per  minute,  the  other 
requirements  being  the  same  as  for  smaller  meters.  The  larger 
part  of  the  meters  above  two  inches  in  size  are  being  fitted  out 
to  be  tested  in  place.  This  is  done  by  putting  in  a  valve  in  front 
of  the  meter  with  a  hose  connection  between  the  two.  To  test 
the  meters  the  valve  on  the  service  is  closed,  the  hose  being  con- 
nected up  with  an  accurate  meter  in  series  with  the  one  to  be 
tested,  as  in  the  following  sketch : 


Set^vice   Pi/9e 


I 


^d"  Corporation 
cock 


In  laying  new  services  the  following  plan  has  been  adopted: 
A  is  a  valve  on  a  by-pass  around  meter.  This  valve  is  closed  and 
locked  at  all  times  excepting  when  meter  is  being  tested. 

B  is  a  valve  in  front  of  meter  and  C  is  a  corporation  cock 
for  connecting  up  hose  with  accurate  meter.  To  test  meter, 
hose  is  connected  up,  as  in  the  sketch  above. 

Valve  A  is  then  opened  and  valve  B  is  closed. 

The  whole  arrangement  of  valves  and  by-pass  is  placed  in 
a  concrete  pit.     By  this  method  large  meters  can  be  tested  with- 


METERS  AND  WATER  CONSUMPTION. 


out  shutting  off  the  supply  from  the  consumer,  which  is  often 
a  grreat  consideration.  The  following:  sketch  shows  the  arrange- 
ment of  piping  for  this  testing  work; 


Sei-vfce 


/^ip^ 


Vake 


>y<r//  of 


jjiii/irim 


Although  this  method  of  testing  large  meters  has  been  in  use 
for  some  time  in  other  cities  it  has  not  been  employed  in  Hartford 
any  more  than  experimentally  to  ascertain  its  practicabilit}\  A 
party  of  men  has  been  at  work  for  some  time  during  the  present 
winter  fitting  up  the  larger  services  for  these  tests.  It  is  our 
intention  to  test  all  the  meters  so  arranged  at  least  once  each 
year  and  in  some  cases  twice. 

The  meter  card  which  has  been  lately  designed  for  the  Hart- 
ford Water  Board,  and  which  will  shortly  be  put  in  use,  is  a 
large  one,  being  approximately  nine  by  fourteen  inches.  It  is 
ruled  and  printed  on  both  sides,  one  side  being  devoted  to 
information  regarding  installation  and  the  other  to  maintenance. 
An  eighteen  inch  Elliott-Fisher  billing  machine  is  used  for 
writing  up  the  cards. 

The  writer  may  add  that  the  card  system  has  been  adopted 
recently  for  the  meter  readers*  lx)oks,  and  these,  too,  are  written 
up  on  this  machine. 
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REINFORCED  CONCRETE  BRIDGES. 

By  M.  W.  Denman,  Mem.  Conn.  Soc.  C.  E. 

Let  me  say  at  the  outset  that  only  my  enthusiasm  for  my  sub- 
ject could  fortify  me  with  the  courage  necessary  to  address 
this  society,  of  whose  members  so  many  surpass  me  both  in  train- 
ing and  experience.  But  if  the  little  I  know  may  be  of  service 
to  anyone  or  if  my  own  experience  may  lead  to  a  greater  knowl- 
edge of  the  subject  and  to  a  more  extended  use  of  this  class 
of  bridges,  I  shall  feel  that  I  have  accomplished  some  good. 

I  do  not  think  that  I  exaggerate  when  I  say  that  to  the  railroad 
or  city  engineer  no  part  of  his  work  causes  greater  worry  and 
anxiety  than  his  bridges.  All  other  parts  of  the  street  or  line 
may  be  brought  to  the  point  where  the  cost  of  maintenance  is 
almost  an  exactly  known  quantity;  but  if  he  has  bridges  of 
steel  or  wood,  he  must  use  "x"  for  the  cost  of  maintenance,  or 
else  simply  guess  at  it.  So  great  is  the  desire  to  avoid  all 
bridges  possible  that  I  think  most  engineers  wouM  recommend 
a  channel  change,  wherever  practicable,  even  though  such  a 
change  might  cost  from  two  to  three  times  the  first  cost  of  a 
bridge. 

There  are,  however,  innumerable  locations  in  which  bridges  of 
some  sort  must  be  perpetually  maintained,  and  my  preamble  has 
been  only  to  emphasize  the  necessity  of  constructing  the  best 
bridge  possible  in  such  sites.  If  a  bridge  can  be  built  for  a 
reasonable  cost  and  one  can  feel  assured  that  the  first  cost  will 
be  practically  the  last  cost,  and  that  no  danger  of  ordinary  flood, 
fire  or  deterioration  could  menace  it,  then,  as  one  prominent 
engineer  expressed  it,  "  one  might  sleep  nights.'* 

I  firmly  believe  that,  with  proper  study  of  the  site,  careful 
design  and  conscientious  construction,  no  cause  for  troubled 
slumbers  will  be  found  in  bridges  of  reinforced  concrete. 

T  have  been  told  by  some  engineers  that  they  did  not  care 
to  build  reinforced  concrete  bridges  because  **it  is  a  new  thing 
and  has  not  been  tested  and  that  someone  else  could  do   the 
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experimenting/'  To  nny  mind  such  are  as  **thcy  who,  having  ears 
hear  not*  and  having  eyes  see  not.**  Certainly  they  have  not  read 
their  engineerins^  papers^  or  kept  in  tauch  with  the  world  at  large. 

Without  attempting  to  review  the  history  of  reinforced  con- 
crete, I  think  it  worth  while  stating  that  it  has  been  under  obser- 
vation and  test  for  over  fifty  years,  and  that  its  use  in  bridge 
construction  considerably  antedates  that  of  steeh  The  first  rein- 
forced concrete  bridge  of  which  we  have  record  in  this  country 
was  built  in  the  environs  of  Philadelphia  in  1883 ;  and  while  I 
have  never  seen  it,  1  have  been  toid  that  it  is  in  practically  as 
good  condition  to-day  as  when  built.  It  was  not  until  seven  years 
after  that  date  that  either  the  city  of  Philadelphia  or  the  Pennsyl- 
vania Railroad  used  steel  in  bridge  construction ;  and  the  first 
record  I  have  seen  of  such  use  was  about  1885-6,  when  steel  was 
first  used  in  tension  members  in  bridges  built,  for  the  balance,  of 
wrottght  iron.  In  Philadelphia,  where  concrete  construction  has 
been  given  more  attention,  perhaps,  than  in  any  other  city,  several 
steel  bridges,  built  since  the  date  of  construction  of  the  bridge 
first  mentioned,  have  been  taken  out  and  replaced  with  others 
of  concrete. 

The  first  bridge  built  wxst  of  the  Mississippi  was,  I  beheve, 
that  put  up  in  Goklen  Gate  Park  in  San  Francisco  by  E.  L, 
Ransome,  in  1889.  It  is  especially  interesting,  as  it  passed 
throtigh  the  recent  earthquake  without  a  crack,  which  could  not 
be  said  for  stone  bridges  in  the  immediate  vicinity; 

As  a  matter  of  fact  and  record,  I  believe  that  of  all  fonns  of 
construction,  none  has  a  record  of  so  few  failures  as  the  rein- 
forced concrete  bridge.  Just  how  many  have  been  built  in  this 
country  cannot  bo  stated,  but  we  know,  for  example,  that  the 
Concrete  Steel  Engineering  Company  of  New  York  has 
designed  two  himdred  ami  fifty  bridges,  which  are  giving  good 
service;  the  National  Bridge  Company  of  ludiauap<:>lis  upward 
of  one  thousand,  while  individual  engineers  and  railroads  have 
built  at  least  as  many  more.  I  think  we  would  be  very  conserva- 
tive if  we  say  that  at  least  three  thousand  have  been  built,  and 
of  tJiem  all  how  many  failures  have  occurred?  I  have  never 
heard  of  but  three,  and  they  may  be  considered  in  s<:>mc  respects 
as  giving  additional  proof  of  the  %'alue  of  this  form  of  construc- 
tion :  for  in  each  case  the  failure  occurred  when  the  centers  were 
removed,  or  when  the  first  test  load  was  placed  upon  them.     If 
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properly  designed,  it  is  almost  impossible  to  so  illtreat  the  mate- 
rial in  construction  that,  upon  removal  of  the  forms  and  centering. 
the  bridge  may  look  all  right  and  yet  be  defective.  Then,  too, 
another  feature  in  favor  of  it  is  its  increasing  strength  as  time 
goes  on.  Steel  and  wood  grow  weaker  with  age,  while  concrete 
is  the  only  known  construction  material  which  g^ows  stronger 
as  it  grows  older. 

Like  everything  else,  reinforced  concrete  is  better  adapted  for 
some  forms  of  construction  than  for  others,  and  among  the 
most  suitable  is  that  of  the  arch.  Concrete  is  very  strong  in 
compression  and  very  weak  in  tension,  and  it  naturally  follows 
that  the  arch  being  more  in  compression  than  any  other  form, 
concrete  should  be  used  for  compression  strength,  with  steel 
added  to  provide  against  tension. 

It  is  with  considerable  hesitancy  that  I  approach  the  question 
of  the  kind  of  reinforcement  to  be  used.  An  old  adage  says 
that  "In  a  multitude  of  counsel  lies  wisdom,"  but  the  engineer 
who  makes  a  study  of  the  multitudinous  methods  of  concrete 
reinforcement  is  apt  to  cry  "This  way  lies  madness." 

As  I  do  not  wish  to  appear  to  advertise  any  special  system, 
perhaps  the  sanest  thing  I  could  say  would  be  to  advise  solely 
that  such  reinforcement  as  is  used  should  be  the  simplest  possible 
to  do  the  work — and  stop  there,  and  in  what  I  shall  say,  please 
consider  me  as  a  constructing,  not  a  designing,  engineer.  There 
are  a  number  of  patented  systems,  all  of  which  have  some  virtues, 
although  with  many  the  faults  more  than  counterbalance  the 
virtues.  I  am  firmly  convinced,  however,  that  the  average  engi- 
neer, who  has  the  construction  of  a  concrete  bridge  placed  in 
his  hands,  will  be  wise  if  he  will  turn  over  the  designing  to 
the  specialist,  rather  than  to  attempt  it  himself.  While  he  could, 
doubtless^  design  a  bridge  which  would  be  safe,  the  chances 
are  that,  in  his  desire  to  be  absolutely  safe,  he  will  burden  the 
structure  with  from  twenty-five  to  one  hundred  per  cent,  more 
material  than  the  load  requires,  and  he  will  not  get  all  of  it 
where  it  will  do  the  most  good. 

I  recently  talked  to  one  engineer  in  a  large  Eastern  city,  who 
said  to  me,  "Why,  I  couldn't  let  another  man  design  an  arch 
bridge  to  be  let  from  this  office.  What  do  you  think  the  people 
pay  nie  for,  anyhow?'' 

"How  many  arch  bridges  have  you  designed?"  I  asked. 
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*'Oiily  one ;  but  I  could  design  as  many  as  I  wanted  to.*' 

''Doubtless  you  could,  I  replied.  *'And  doubtless  the  people 
would  pay  you  and  pay  for  the  bridg^e ;  but  I  cannot  agree  that 
they  are  paying  you  just  to  do  the  mechanical  work  for  them. 
My  conception  of  your  position  is  tliat  you  are  there  to  get  for 
them  the  fullest  value  and  surest  results  for  their  money.  If 
you  had  trouble  with  your  eyes,  would  you  go  to  your  family 
physician,  or  to  an  ocu!ist?** 

Well,  he  got  hot  and  I  gave  up  the  task. 

Gentlemen,  this  is  a  day  of  specialization  in  all  professions 
and  engineers  should  be  as  willing  to  consult  those  who  have 
had  greater  experience  in  certain  lines  as  the  general  practitioner 
in  medicine  is  to  call  in  the  services  of  a  specialist  Some  of 
you  may  reply  that  mathematics  is  an  exact  science,  while  medi- 
cine is  not.  To  that  I  should  say  that  if  the  President  of  this 
Society  of  Engineers  were  to  hand  to  each  member  a  profile 
and  description  of  a  bridge  site  and  should  ask  that  each  one 
should  design  a  bridge  to  fit  that  particular  site,  the  designs 
w^ould  be  as  various  as  the  number  of  members  and— perhaps 
some  of  them  might  fit. 

So  I  will  repeat  that  I  believe  that  the  man  who  makes  a 
specialty  of  any  particular  method  of  reinforcement  and  has 
obtained  tested  results  w^hich  may  be  depended  upon,  is  the 
man  who  will  give  you  the  safest  bridge  at  the  least  outlay,  as 
a  rule. 

Yet  there  are  certain  features  of  reinforcement  which  I  think 
it  well  to  avoid.  First,  I  do  not  believe  that,  in  the  construction 
of  an  arch,  it  is  as  well  to  lap  tension  rods  as  to  have  them  really 
continuous.  If  rods  are  purchased  in  stock  sizes,  it  costs  very 
little  to  weld  the  extrados  and  intrados  rods  from  abutment  to 
abutment.  Or,  if  sufficient  time  can  be  allo%ved,  these  rods  may 
.be  obtained  from  the  mills  in  full  lengths.  When  this  is  done, 
it  is  not  necessary  to  have  extremely  long  rods  shipped  on  two 
or  more  cars»  but  the  rods  may  be  bent  into  thirty- foot  lengths 
and  placed  on  one  car.  Upon  receipt  they  may  be  heated  enough 
to  straighten,  which  costs  much  less  than  welding. 

Second,  I  think  that  all  steel  which  is  not  used  for  either 
compression,  tension,  or  shear,  should  be  eliminated.  That  may 
sound  like  stating  a  self-evident  truth,  but  I  have  seen  arches 
within  a  thousand  miles  of  here  which  had  so  much  reinforce- 
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ment  that  there  was  hardly  room  left  for  the  concrete.  There 
were  scores  of  members  shooting  up  from  the  lower  rods  and 
down  from  the  upper  rods,  all  of  which,  except  about  three,  tak- 
ing up  space  which  could  have  been  better  filled  by  a  much  more 
useful  and  cheaper  material — concrete. 

I  find  that  a  great  many  engineers  have  the  mistaken  idea  that 
such  a  reinforcement  ''bonds  the  concrete  together/'  I  think  that 
with  clean  gravel,  good  cement  and  mixing,  and  plenty  of  man- 
power on  the  tamping,  the  concrete  will  bond  itself  without  the 
use  of  octopus-like  tentacles  running  hither  and  thither  without 
rhyme  or  reason.  Then,  too,  these  useless  members  are  worse 
than  useless  in  that  they  greatly  interfere  with  proper  placing 
and  tamping  of  the  concrete. 

T  am  often  asked  which  of  the  many  deformed  bars  I  prefer. 
and  to  that  1  reply  that,  for  the  most  part,  you  can  pay  your 
money  and  take  your  choice,  for  there  is  little  advantage  in 
one  over  another,  except  to  the  manufacturer.  In  an  arch,  I 
think  there  is  little  use  for  anything  but  a  plain  rod,  with  no 
excrescences,  hollows,  holes  or  other  **talking  points."  While 
I  do  not  maintain  that  the  adhesion  of  concrete  to  the  smooth 
rod  is  always  as  great  as  the  adhesion  to  a  roughened  bar,  I 
do  think  that  it  is  sufficient  for  an  arch  and,  in  many  cases. 
for  the  girder ;  but  whatever  form  is  adopted,  my  preference  will 
always  be  for  one  made  of  mild  steel  which  may  be  welded  to  full 
lengths  in  the  manner  I  have  mentioned. 

When  we  come  to  the  actual  construction  of  the  bridge  there 
is  very  little  difference  of  oi)inion  among  those  having  experience. 
Most  engineers  agree  that  good,  clean  gravel  will  make  a  denser 
and  better  concrete  than  broken  stone  and,  when  found  near  the 
bridge  site,  lessens  the  cost  very  materially.  A  proportion  of 
one  part  cement,  three  of  sand  and  six  of  stone  is  generally  used 
for  footings  and  mass  masonry,  and  the  proportions  of  i — 2 — 5 
for  the  arch  ring.  If  the  bridge  is  designed  on  a  basis  of  three 
hundred  and  fifty  pounds  to  the  inch  compression  strength  for  the 
concrete,  gravel  which  runs  in  approximately  the  above  propwr- 
tion  may  be  used  just  as  it  comes  from  the  bed  and  without 
screening;  but  if  fiv^  lunidred  pounds  or  greater  to  the  inch 
is  used,  it  then  becomes  necessary  to  be  much  more  careful 
in  grading  the  materials.  It  is,  of  course,  most  essential  that  the 
abutments  should  rest  on  solid  material,  or,  failing  such  material, 
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that  enough  piles  he  driven  to  obtain  the  same  result.  The  abut- 
ments are  then  run  to  the  springing  line  and  left  with  a  skew- 
back  to  receive  the  arch  ring. 

That  done*  the  next  thing — -and  it  i>s  one  of  the  most  important 
items  in  the  construction  of  the  concrete  arch^ — is  the  building 
of  the  centers.  1  find  that,  in  the  Rast,  most  arches  are  built 
like  a  stone  arch,  with  perfectly  rigid  centers,  which  are  left 
in  imtil  the  load  has  been  placed  on  the  span  and  the  concrete 
has  become  thorotighly  set:  usually  from  four  to  six  weeks. 
In  a  few  cases,  wedges  are  used*  but  without  much  method 
and  without  obtaining  even  and  regular  results. 

In  considering  the  centers  to  be  used*  several  objects  are  to 
be  borne  in  mind.  I'^irst,  that  we  must  have  a  form  which  will  be 
rigid  tluring  the  placing  of  the  arch  ring.  Second,  a  fi>rm  that 
will  not  be  excessive  in  cost,  and  third,  a  form  which  will  permit 
of  the  settlement  and  shrinkage  of  concrete  which  will  occur 
after  the  arch  ring  is  run. 

just  the  proportion  of  shrinkage  which  occurs  is,  up  to  date, 
an  unsettled  question.  It  .seems  certain  that  if  we  take  a  volume 
of  dry  materials  like  gravel  and  cement,  add  a  quantity  of  water 
to  it,  then  j)ut  it  into  molds  and  permit  it  to  dry  out.  the  evapora- 
tion of  the  water  will  reduce  the  volume  to  some  extent.  Not. 
however,  to  the  extent  of  the  volume  of  w*ater  we  have  added, 
for  some  has  combined »  chemically,  with  the  cement  and  will 
always  stay  there.  There  will  be,  however,  st^me  settlement  due 
to  this  shrinkage,  even  though  it  be  very  slight.  There  will  also 
be  some  compression  of  the  mass  in  the  foundation  after  the  arch 
ring  and  spandrel  walls  have  been  put  up»  while  the  load  of  the 
earth  till  will  be  later  carried  down  the  arch  ring  to  set  up  a 
still  greater  compression  of  the  abutments. 

Now,  if  the  centering  has  been  put  in  rigiclly,  it  will  usually 
be  fouufl  that,  after  its  removal — even  though  sometimes  it  be 
many  months  later — cracks  will  b<?  found  in  the  spandrels  and 
raiK  which  have  been  occasioned  by  the  later  settling  of  the  abut- 
ments ami  ring.  .\s  this  settlement  varies  in  proportion  as  the 
height  of  the  abutments,  the  weight  of  the  load,  the  length  and 
rise  of  the  span,  it  would  be  almost  impossible  to  so  proportion 
any  wedge  system  which  would  take  care  of  it.  For  example, 
the  Big  Muddy  bridge,  built  by  the  Illinois  Central,  with  a  span 
of  one  hundred  and  fortv  feet,  settled  over  three  inches,  while  in 
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Other  cases  little  or  no  settlement  was  noted.  Now  the  method 
we  use  in  centering  takes  care  of  all  this  in  a  very  easy  and 
simple  way. 

We  use  bents  of  vertical  posts  which  are,  in  themselves  and 
unbraced,  just  a  trifle  too  light  to  carry  the  load  which  will  be 
imposed  upon  them,  but  which,  when  fully  braced  in  both  direc- 
tions, will  be  perfectly  rigid  during  construction.  Usually,  these 
posts  are  made  up  of  two  pieces  in  the  forni  of  a  "T,"  but  are 
wired,  not  nailed  together. 

The  sheathing  over  the  drum  of  the  arch  is  made  of  dressed 
lumber  and  made  as  smooth  as  possible,  although  for  the  average 
bridge  over  a  waterway,  1  do  not  think  it  worth  while  to  attempt 
too  great  a  nicety  here,  as  it  never  shows  and  streng^  alone 
is  more  to  be  considered  than  appearance.  It  is  only  essential 
for  such  openings  that  we  get  it  tight  enough  to  prevent  undue 
leaking  at  the  joints. 

The  arch  rings  we  usually  run  in  sections  of  from  twelve  feet 
and  upwards  in  width,  taking  such  a  yardage  as  we  are  sure  we 
can  run  in  one  day.  While  that  is  being  placed,  the  carpenters 
are  building  the  forms  for  the  spandrel  walls,  and  here  the 
greatest  care  must  be  used  to  obtain  sightly  results.  We  have 
found  that  forms  made  of  two-inch  lumber,  not  tongued  and 
grooved,  hut  surfaced  on  three  sides,  carefully  placed,  will  give 
us  the  smoothest  wall.  Usually  we  wet  the  forms  until  they 
are  non-absorbent  and  (lci)end  upon  thorough  spading  to  produce 
the  smooth  surface.  At  Plymouth,  Mass.,  we  built  a  bridge  witli 
walls  at  each  end  thirty-six  feet  in  length  and  from  twenty-four 
to  thirty  feet  in  height.  The  forms  for  these  walls  were  made 
of  seven-eighths  inch  tongued  and  grooved  lumber  with  studding 
placed  closer  than  usual.  These  forms  we  wet  lightly  with 
kerosene,  spaded  the  material  th(^roughly,  and  the  resulting  wall 
is  one  of  the  snKX)thest  I  ever  saw. 

To  get  the  best  results,  we  much  prefer  that,  before  building 
the  wing-walls  or  hand  rail,  that  the  earth  fill  be  put  on  and  the 
centers  struck.  T  do  not  mean  by  this  their  removal,  but  by  the 
time  the  fill  can  be  made  the  arch  ring  will  carry  itself,  and 
is  putting  nearly  all.  the  load  on  the  haunches  and  abutments 
which  is  j)ossible.  At  that  time,  then,  we  take  off  most  of  the 
bracing  and  cut  the  wires  on  the  **T"  verticals,  permitting  them 
lo  buckle  under  the  load,  and  the  arch  to  assume  its  final  position. 
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Then  we  run  in  the  win|^-walls,  usually  with  an  expansion  joint 
where  it  meets  the  spandrel,  and  add  the  rail.  Where  this  method 
is  consistently  carried  out,  we  have  never  had  a  case  of  cracked 
spandrel  or  hand  rail. 

The  artistic  treatment  of  a  concrete  bridge  is  solely  a  matter 
of  i)ersonal  taste  and  the  size  of  the  pocketbook.  Built  in  its 
simplest  and  most  severe  lines,  the  arch  always  makes  a  hand- 
some and  artistic  structure,  while  as  much  adornment  may  be 
added  as  one  desires.  Being  a  plastic  material,  concrete  may 
he  moMed  into  almost  any  desired  form,  and  the  spandrel  walls 
may  he  bush-hammered  or  picked,  and  a  very  attractive  surface 
so  obtained. 

For  the  rail,  I  consider  it  advisable  to  ch(X)se  one  which  may 
be  built  monolithic  with  the  si)andrels  and  properly  reinforced. 
While  a  molded  rail  may  carry  much  more  gingerbread  and  may 
be  more  ornate,  yet  it  is  difficult  to  so  construct  such  a  rail  that 
some  of  the  balusters  will  never  become  loose  or  some  such 
defects  occur.  I  f  built  in  place,  the  rail  may  be  made  quite 
in  a  great  number  and  variety  of  forms,  and  its  solidity 
longevity  are  worth  more  than  complicated  forms  which  mu^ 
sooner  or  later,  be  repaired.  ^"^ 

Neither  do  1  think  it  ever  advisable  to  place  .steel  hand  raib 
on  a  concrete  bridge.  The  hand  rail  is  usually  the  first  part  of 
a  steel  l)riclge  wliich  rusts  out  and  must  be  renewed;  why,  then. 
in  llie  construction  of  a  bridge  wliich  we  believe  to  be  perma- 
nent and  everla.sting.  should  we  add  a  part  which  will  require 
continual  renewal?  More  often  than  not.  the  rail  would  not  be 
kept  i)ro])crly  ])ainte<l  and.  conse(|uently,  the  steel  would  rust 
and  the  rust  soon  stains  the  spandrel  wall  beneath.  The  cost 
of  a  steel  rail  is  so  nearly  that  of  the  concrete  rail  that  even 
for  the  mailer  of  first  cost  it  is  not  economical  and,  with  the 
o])jection"s  to  which  I  have  referred,  should  never  be  used  unle>s 
unavoidable. 

In  ^hort  s])ans  where  full  head-rcxDm  is  desired  for  the  full 
widlli  of  the  oj)ening.  girders  of  reinforced  concrete  are 
both  economical  and  satisfactory,  although  they  will  rarely 
be  found  advisable  to  use  for  greater  spans  than  .sixty  feet.  Up 
to  that  length,  the  cost  will  compare  favorably  with  that  of  steel 
consiruction  and  the  maintenance  features  are  as  favorable  in 
the  case  (»f  the  girder  as  of  the  arch.     When  built  monolithic 
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with  the  ahutment  walls  and  continuous  reinforcement  properly 
placed,  the  whole  bridge  may  be  designed  for  a  very  low  cost. 
The  abutment  walls  in  such  a  case  may  be  made  very  thin,  as 
there  is  no  overturning  force,  and  it  may  be  considered  as  a 
beam  supported  at  each  end.  The  girder  is  much  easier  of 
desig^i  than  the  arch  and  the  placing^  of  the  steel  to  provide 
against  tension  a  matter  of  little  difficulty. 


REINFORCEli   CONCkETE    BKIDCE^    TOWN   OF  COVENTUV.    R.    J. 
ROADWAV   1 6   FEET,    SPAN   75    FEET* 


In  conclusion,  let  me  repeat  that  I  fully  realize  that  1  am 
overstepping  the  bounds  of  modesty  in  attempting  to  discuss  this 
question  before  you.  but  the  ENgitn^ering  News  some  time  since 
made  a  remark  which  may  jKissibly  apply  to  me.  Certainly, 
I  think  of  it  each  time  f  undertake  the  construction  of  a 
bridge.  It  was  in  reporting  the  reasons  for  the  failure  of  some 
reinforced  concrete  building  and  the  editor  of  the  Ncxvs  had 
patiently  repeated  that  this  faikire  w^as  not  caused  because  con- 
crete was  used,  but  because  neither  the  man  who  designed  it 
nor  the  man  who  built  it  had  ever  had  any  previous  experience 
with  the  material:  and  he  wound  up  by  quoting  that  trite  but 
true  adage  that   ** Fouls  will  rush  in  where  angels  fear  to  tread.'* 
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DISCUSSION — Reinforced  Concrete  Bridges. 

Mr.  Hill:  Mr.  President,  I  have  been  very  much  interested 
in  the  paper  which  Mr.  Denman  has  read.  I  think  his  sugges- 
tions are  most  admirable,  but  we  have  so  much  to  do  to-da3',  that 
I  hardly  think  it  is  worth  while  to  take  much  time  for  a  dis- 
cussion. The  points  in  designing  which  he  refers  to  are 
very  important,  and  I  think  there  is  no  question  but  that  a  con- 
crete bridge  has  to  be  very  carefully  built.  I  think  all  engineers 
are  in  accord  as  to  that. 

Mr.  Kelly:  There  is  not  much  that  I  can  say.  There  was 
one  point,  however,  that  the  speaker  referred  to  in  the  matter 
of  forms.  We  had  a  little  experience  in  using  two-inch  plank, 
which  may  be  of  some  service  to  the  others.  We  found  the  diffi- 
culty with  the  kind  of  lumber  that  the  contractor  furnished  to  be 
that  it  was  very  difficult  to  get  a  tight  joint  with  it.  Of  course 
it  is  necessary  to  have  a  tight  joint  and  it  was  impossible  to 
secure  it,  as  the  plank  could  not  be  sprung  in  the  direction  of  the 
width  of  the  plank.  After  that  we  began  to  use  %-inch  plank, 
tongue  grooved,  and  by  the  use  of  that  we  got  a  perfectly  tight 
joint. 

Mr.  Harte:  Mr.  President,  in  the  matter  of  forms  for  con- 
crete work,  very  often  attention  can  be  paid  with  considerable 
benefit  to  the  designing  of  the  forms  in  sections  so  that  the 
units  can  be  used  repeatedly.  This  type  of  form  is  particularly 
adapted  to  continuous  retaining  walls,  but  can  be  used  advantage- 
ously in  many  other  situations.  In  the  Port  Morris  depression 
of  the  Xew  York  Central  Railroad  in  the  city  of  New  York, 
such  a  panel  system  was  used  with  much  economy,  and  a  system 
based  largely  upon  that  has  been  employed  in  the  New  Haven 
cut  work.  The  chief  difficulty  with  the  repeated  use  of  the 
timber  comes  from  misshapcments,  due  to  the  absorption  of 
moisture,  but  this  can  be  prevented  by  allowing  the  forms  to 
dry  as  soon  as  they  are  stripped,  or  after  removing  them  from 
the  work,  and  then  treating  them  with  a  coat  of  raw  oil. 

Regarding  reinforced  concrete  itself,  the  speaker  cannot  too 
strongly  conmiend  Mr.  Denman's  position  in  regard  to  the 
rational  use  of  the  reinforced  material.  If,  as  is  believed  by 
many  engineers  to-day,  reinforced  concrete  is  a  construction 
material  having  a  definite  behavior  under  definite  load  conditions, 
it  should  be  used  as  such.     The  speaker  has  no  patience  with 
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engineers  who  design  with  more  or  less  care  a  reinforced  con- 
crete structure  and  then  add  sufficient  concrete  to  practically 
make  a  gravity  section  for  good  luck  or  for  ^ood  measure.  The 
construction,  in  the  speaker's  mind,  shoukl  either  he  reinforced 
concrete  in  which  the  behavior  of  the  concrete  and  the  steel  is 
calculated  and  their  proportions  determined  by  these  calculations, 
or  it  should  be  a  gravity  section  in  which  all  of  the  stresses  are 
carried  by  the  concrete.  If  the  engineer  has  not  sufficient  con- 
fidence in  his  construction  to  build  it  as  the  formulas  would 
indicate,  he  should,  in  my  judgment,  let  reinforcing  severely 
alone  and  stick  to  gravity  sections. 

Mr.  Kklly:  I  might  offer  one  more  remark.  I  think  there 
is  one  point  that  should  be  emphasized,  and  that  has  not  been 
noticed  enough,  perhaps,  and  more  especially  in  connection  with 
reinforced  concrete,  than  in  any  other  kind  of  construction,  and 
that  is  the  inspection.  You  may  have  your  reinforcement  put 
together  ever  so  carefully  and  your  design  made  ever  so  economic- 
ally and  carefully,  but  if  the  concrete  is  not  properly  put  in,  is  not 
uniformly  mixed,  you  are  going  to  lose  a  large  percentage  of  the 
benefit  of  the  reinforcement.  The  observation  of  any  one  who  is 
familiar  wnth  concrete  knows  that  it  can  be  very  much  abused, 
especially  in  the  handHng  of  the  material.  The  inspector  should 
be  a  man  who  is  reasonably  intelligent,  and  should  watch  closely 
every  part  of  the  work  to  see  that  it  is  properly  done, 

Mr.  DiiNM.^N:  If  you  w^ill  pardon  me,  Mr.  President,  I 
should  like  to  give  a  little  of  my  experience,  which  thoroughly 
convinced  me  of  the  necessity  of  putting  on  an  inspector.  To 
illustrate  it,  take  the  case  of  the  bridge  wdiich  we  built  at 
Plymouth,  and  to  which  I  referred.  The  committee  had  only 
about  so  much  money  to  spend  and  they  had  put  out  pretty 
nearly  all  of  it  in  the  construction  of  the  bridge  itself,  so  that 
when  the  suggestion  was  made  to  them  that  they  had  better  put 
an  inspector  on,  they  said:  '*Well,  we  have  only  got  about  so 
much  money  and  we  can  hardly  aflford  to  do  it.*'  I  said,  "I  will 
tell  you  what  I  will  do.  If  you  will  put  on  an  inspector  that 
you  can  depend  on,  one  that  will  work  and  stay  there,  and  see 
that  the  forms  are  properly  put  up,  and  that  the  concrete  is 
properly  mixed,  I  will  pay  the  cost.^'  That  is  the  way  a  con- 
tractor has  got  to  do,  that  is  buiJding  a  reinforced  bridge; 
especially  so  if  he  is  doing  it  on  a  contract,  and  has  furnished 
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the  design  himself,  he  has  got  to  back  up  the  design.  He  cannot 
afford  to  take  any  chances.  If  he  is  solely  dependent  on  his 
foreman  he  is  very  glad  to  have  a  competent  ins|>ector  put  on 
that  job  to  see  that  the  work  is  properly  put  through,  and  it  is  of 
the  utmost  imix)rtance  that  that  inspector  be  put  there  and 
made  to  stay. 

The  President:     This  discussion  is  very  interesting.      I  think 
there  are  others  here  who  would  like  to  take  part  in  it. 

A  Memijp:r:  Mr.  President,  just  before  Mr.  Kelly  rose,  I  was 
going  to  suggest  practically  the  very  same  thing.  Proper  inspec- 
tion of  doing  the  work,  whether  done  at  the  instance  of  the  con- 
tractor or  because  of  the  necessity  of  having  someone  over  the 
foreman  of  the  work,  is  really  much  more  than  half  the  battle 
in  attaining  success.  On  the  work  of  the  inspector  depends  more 
than  half  of  the  success  of  the  structure.  A  poor  mixing  of  the 
material  or  poor  placing  of  it,  the  tamping  it  improperly,  all  of 
these  things  arc  to  be  carefully  watched,  because  if  there  is  any 
serious  mistake  made,  it  detracts  a  great  deal  from  the  success  of 
the  job.  In  too  many  cases  the  inspector  is  left  out,  and  a  large 
proportion  of  the  accidents  that  we  hear  of  are  due  to  the  fact 
that  there  is  not  sufficient  care  taken  in  the  building  and  inspec- 
tion of  the  bridge  as  it  is  being  put  up. 

Mr.  X'krrill:     I  would  like  to  emphasize  that  too,  Mr.  Presi- 
dent.    I   think  a  great  many  times  the  inspectors  are   not   the 
right  ones,  and  a  good  deal  depends  ui)on  the  selection  of  the 
right  man.     It  is  very  well  to  put  on  somebody  who  may  be  an 
A- 1  bricklayer,  and  who  has  a  fairly  good  knowledge  of  concrete. 
but  oftentimes  we  are  apt  to  get  someone  who  has  ideas  of  his 
own    which    are    not    correct    and    who    tries    to    follow    them 
out.     We  have  seen  a  great  many  cases  of  that  and  it  leads  to 
])(xir  results.     1   remember  a  case  where  they  were  building  a 
sea  wall,  where  the  wall  ran  down  below  low  water,  a  very  heavy 
wall  at  the  base,  but  a  wall  which  really  needed  no  reinforce- 
ments  whatever:    the  man   who   designed   it   had   provided   for 
putting  in  some  horizontal  sheets.     They  were  poultry  netting. 
They  had  an  inspector  there  who  was  watching  closely  to  see 
that  these  ix)ultry  nets  were  put  in.     They  did  absolutely  no 
good,  and  while  he  was  closely  watching  that  part  of  the  work 
too  much  water  was  being  put  in  and  washed  all  of  the  cement 
out.     The  inspector,  while  he  was  watching  with  the  utmost  care 
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>  sec  that  the  sheets  of  poultry  netting^  were  gotten  in  all  rights 
was  not  paying^  attention  to  the  things  which  was  bound  to 
lead  to  trouble. 

The  President:  Is  there  any  one  else  who  desires  to  discuss 
this  question  ? 

Mr.  Buck:  In  reg^ard  to  the  merits  of  forms,  and  as  to 
w*hether  wx  should  use  smooth  edged  or  tongued  grooved  ones — I 
did  some  work  several  years  ago  on  some  caisson  work  where 
we  had  quite  a  high  bridge  wall  about  twenty-three  feet  wdde  and 
about  five  hundred  feet  long.  For  the  supp^jrts  we  used  6x6 
verticals.  The  forms  were  not  tongue  grooved  and  wt  got  better 
rcsidts  without  using  the  tongue  grooved.  After  we  got  through, 
the  transit  was  run  right  over  the  whole  of  it  and  it  showed  a 
variation  of  not  over  half  inch  one  way  or  the  other. 

Mr.  Den  man:  I  think  the  heavier  material  tends  to  keep  the 
wall  from  bulging. 

As  a  rule,  by  the  use  of  two-inch  stuff  w^ith  a  grooved  surface, 
so  it  is  even,  it  gives  good  results,  but  very  often  by  cutting  it 
so  that  where  the  two  pieces  match  together,  you  can  wxdge  it  in 
that  shape  (indicating),  you  can  make  an  absolutely  tight  joint. 
Even  in  that  case  the  man  who  puts  it  up  has  gbt  to  be  very 
careful  in  placing  the  fonns.  The  way  the  contractor  uses  his 
forms  is  the  part  of  it,  as  a  rule,  where  the  contractor  makes 
or  loses  money,  and  the  more  economical  forms  he  can  use  the 
cheaper  he  can  make  his  bid  for  the  work  and  the  greater  his 
chances  for  making  some  money  at  the  end  of  the  job.  For  that 
reason  these  vertical  posts  that  we  have  used  have  given  us 
excellent  results,  because  all  of  these  posts  may  be  used  over  and 
over  again.  You  can  take  them  off  and  put  them  right  back 
again  in  the  same  wall  and  there  is  no  waste  of  lumber,  or 
rather  not  s*:>  much  waste.  There  is  another  benefit  in  using  two- 
inch  lumber  that  is  not  tongue  grooved,  and  that  is,  when  you 
come  to  take  down  the  tongue  grooved  lumber  it  is  almost  invari- 
ably torn  to  pieces.  If  the  people  are  taking  it  oflF  a  wall  that 
is  of  any  height,  they  have  to  get  at  it  die  best  they  can  and  pry 
it  off,  and,  of  course  in  doing  that,  they  will  break  more  or  less 
of  it.  They  cannot  help  it.  I  was  talking,  the  other  day.  with 
a  contractor  from  Pennsylvania  who  had  put  up  about  fifteen 
arches  in  the  last  year,  and  he  had  used  in  every  case  for  forms» 
what  he  called  "Bull  pine/'     It  was  a  very-  cheap  material.     It  was 
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a  tongue  grooved  lumber  that  he  was  able  to  throw  away  when 
he  got  through  with  it.  Perhaps  it  will  be  even  more  advan- 
tageous to  use  lumber  of  that  kind  in  that  place,  than  to  tr>'  to  save 
the  lumber. 

The  President:  I  understand  that  in  the  handling-  of  this 
class  of  work  the  question  of  shrinkage  is  an  important  one. 
If  some  member  will  give  an  expression  of  opinion  on  that  point 
I  think  it  will  contribute  to  the  value  of  the  discussion.  I  think 
Mr.  Sperry  has  had  some  experience  with  that  work. 

Mr.  a.  W.  Sperry:  This  paper  has  opened  up  a  wide  field 
for  discussion.  There  are  so  many  sides  to  it  that  it  is  hard  to 
discuss  all  of  them  at  this  time. 

I  was  glad  to  hear  Mr.  Denman  refer  to  the  question  of  forms, 
materials,  quality  of  concrete  compared  with  ratio  of  steel  to 
concrete,  etc.  I  think  it  is  quite  well  understood  that  this  last 
item  is  an  important  one  in  the  designing  of  concrete.  I  have  had 
my  own  views,  rather  decided  ones,  about  these  questions  for 
some  time. 

I  think  we  should  have  courage  enough  to  rely  upon  our 
figures  after  we  have  made  them.  I  believe  the  work  of  our  office 
has  been  criticised  as  being  rather  light,  but  we  do  not  believe  in 
adding  a  percentage  for  luck  after  we  have  compiled  our  figures. 
It  comes  down  after  all  to  the  question  of  a  man  having  confidence 
in  his  own  figures,  and  not  having  to  add  for  luck.  I  was  glad 
to  hear  Mr.  Denman  bring  out  this  point  as  he  did  in  his  paper. 

The  matter  of  forms  from  the  contractor's  standpoint  is  much 
the  most  important  question  in  connection  with  concrete  construc- 
tion, because  in  building  a  structure  you  are  really  building  two 
structures,  first  one  of  wood  and  later  one  of  concrete. 

The  idea  of  letting  down  some  of  the  centering  supports  for 
concrete  arches  seems  to  be  a  risky  one,  and  would  naturally 
require  great  judgment  and  care.  Of  course,  it  is  hardly  neces- 
sary in  arches  of  small  span,  but  in  large  ones  I  can  see  where 
it  would  be  considered  a  risky  procedure. 

In  regard  to  forms.  In  some  cases,  we  have  used  them  over 
and  over  again  :  in  one  case  nine  times.  This  being  njade  possible 
by  taking  great  care  when  they  were  first  made  and  put  up, 
making  them  so  they  could  be  removed  without  destroying  them. 

I  had  in  my  mind  one  other  subject,  the  question  of  shrinkage. 
I  think  it  is  well  understood  that  concrete  will  crack,  if  used  in 
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walls  and  like  structure  and  reinforceinent  is  not  used  about  every 
twenty*  feet. 

We  have  an  example  of  this  here  on  Prospect  street »  where  we 
boilt  a  concrete  retaining  wall.  Reinforcing  rods  were  used  to 
prevent  contraction,  the  rods  being  placed  in  the  top  coping.  I 
think  there  was  one  cross  section  where  the  rods  were  omitted, 
due  to  the  fact  that  they  were  hardly  thought  necessary  in  that 
portion,  and  the  result  was  that  we  had  a  crack  at  about  the 
twenty- foot  mark.  The  question  of  shrinkage  can  largely  be 
taken  care  of  by  having  the  proper  amount  of  stetl  placed  in  the 
concrete. 

Mr.  Den  man  :  The  particular  amount  of  shrinkage  in  a  wall, 
or  the  amount  of  settlement  or  shrinkage  in  the  arch  ring*  is 
absolutely  impossible  to  determine,  and  I  think  most  all  of  us  will 
agree  about  that.     It  has  been  very   clearly  illustrated   in   the 
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course  of  the  Connecticut  River  bridge*  at  Hartford,  and  it  is 
not  due  to  any  fault  in  the  design  of  the  bridge  nor  care  in  the 
construction.  At  Hartford,  from  the  locaHty  where  these  cracks 
appeared,  the  abutment  must  have  settled  at  one  end,  as  it  could 
not  have  occurred  very  well  in  the  solid  work.  The  joints 
between  the  masonr>'  must  have  compressed  sufficiently  under  the 
full  toad  for  these  cracks  to  open,  which  they  did  just  back  of 
the  abutment  at  either  end.  There  was  also  a  crack  appeared 
over  in  one  end  near  the  handrail.  Although  I  have  had  a  good 
deal  of  discussion  with  several  engineer s»  we  have  not  been  able 
to  decide  just  how  that  occurred,  but  that  is  something  that  is 
ver}^  apt  to  appear  even  in  the  most  carefully  designed  structures. 
Mr.  Sperry  referred  to  the  question  of  its  being  a  little  risky 
to  use  vertical  supports  which  appear  to  be  a  little  too  light,  and 
which  bend  under  the  load.  It  w^^uld  seem  so  on  the  face  of  it, 
yet  in  the  construction  of  over  a  thousand  bridges  by  the  National 
Bridge  Company  they  have  used  that  system,  and  with  never  an 
accident  due  to  that  cause.     As  a  matter  of  fact  the  arch  ring»  in 
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almost  any  weather,  will  sustain  itself  for  three  days,  but  it 
almost  invariably  proves  too  weak  to  sustain  itself  from  the 
time  it  is  first  put  up,  but  by  the  time  you  get  ready  to  release 
these  supjxjrts  from  the  arch  ring  it  is  all  right  and  these 
verticals  can  be  released  with  perfect  safety.  The  verticals  are 
strong  enough  to  carry  the  full  load.  The  question  of  the  time 
that  the  arch  ring  is  taken  off,  or  that  it  will  sustain  itself, 
received  a  curious  shock,  or  at  least  it  was  to  me,  when  building 
a  three  span  bridge  la^t  year.  The  design  called  for  two  eighty  and 
one  seventy-ffx)t  spans,  the  seventy-foot  span  being  at  the  lower 
end.  'I'he  spans  were  balanced  so  that  the  two  eighty- foot  spans 
practically  balanced  each  other.  It  was  one  of  the  most  interest- 
ing things  1  have  seen  occur  in  a  very  long  time  and  I  do  not 
know  how  to  account  for  it.  Beginning  at  this  end  we  ran  one 
thirteen- foot  arch  ring  all  the  way  through,  and  it  took  about 
three  days  to  run  that  ring.  Then  we  went  back  and  brought 
up  the  other.  The  bridge  stayed  up  all  right  and  there  seemed 
to  be  no  trouble  of  any  kinrl.  When  we  took  off  the  forms  we 
started  with  this  seventy-foot  span  and  carried  the  work  through 
that  first  thirtecn-frK>t  arch  ring  and  we  found  it  had  raised 
up  about  a  (|uartcr  of  an  inch  before  the  second  ring  was  put  in 
at  all.  It  showed  that  there  was  a  little  bit  more  pressure  on  the 
seventy- foot  span  against  this  one  ring  which  had  been  run  there, 
hut  it  liad  resisted  it  and  stayed  perfectly  satisfactory.  In  two 
days  it  was  perfectly  safe  to  cut  the  wires  on  the  verticals  and 
take  off  the  braco,  l)ecause  that  affected  but  a  comparatively  small 
load,  and  it  was  amply  built  to  carry  in  a  perfectly  safe  condition. 
Mr.  Kkith  :  There  was  one  matter  which  we  slid  over  very 
lively  in  the  paper  and  which  it  may  be  interesting  to  refer  to.  I 
hesitate  somewhat  to  call  attention  to  it  lest  it  should  divert  the 
discussi(;ii,  more  i)erhaps  than  it  is  advisable  at  the  present  time. 
I  will  refer  to  it  briefly.  Mr.  Denman,  if  I  understood  him 
aright,  advocated  the  use  of  mild  steel  in  the  reinforced  concrete. 
Now  when  it  comes  to  a  steel  structure  I  am  very  emphatically 
in  favor  of  the  mild  steel,  but  in  reinforced  concrete  work 
the  matter  is  entirely  different.  In  reinforcing  work  the  elastic 
limit  is  an  important  feature  and  the  relation  of  that  elastic 
limit  to  the  compressive  strength  of  the  concrete  is  quite 
essential.  It  is  not  sufficient  that  there  be  enough  strength  in  the 
material  to  carry  the  maxinmm  strain  upon  it  wnthout  yielding, 
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or  without  stretching  so  as  to  destroy  the  pcrniaiicnt  set,  and  that 
set  must  not  be  disturbed  to  such  an  extent  as  to  open  the  crack. 
For  that  reason  I  believe  that  a  medium  steel  is  far  preferable  to  a 
mild  steel. 

As  I  said  before,  I  hesitate  to  bring  up  this  subject,  but  it 
seems  to  me  that  it  is  a  very  important  one  and  in  that  particular 
class  of  construction  which  I  have  referred  to.  we  should  use  the 
other  class  of  steel  rather  than  the  mild. 

Mr,  Denman:  You  are  not  going  to  get  a  fight  out  of  me,  I 
am  sure,  because  I  believe  in  the  mild  steel  for  such  forms  of 
constniction  myself.  I  do  not  believe  in  using  the  high  carbon 
steel   for  the  reasons  that  I   have  mentioned  in  the  paper,  and 


for  the  special  reason »  in  reinforced  concrete  work,  that  it  is 
essential  in  a  great  many  cases  to  bend  the  rods.  There  are  one 
or  two  cases  where  I  have  been  forced  by  engineers  against  my 
judgment  to  use  the  high  carbon  steel,  I  would  take  it  and  put  in 
enough  of  it  to  do  the  work,  but  we  have  had  an  enormous 
amount  of  trouble  in  bending  the  high  carbon  rods  and  for  that 
reason  I  was  rather  against  medium  steel.  In  fact,  I  am  rather 
inclined  to  agree  to  use  a  mild  steel  altogether,  except  in  such 
instances  as  this  (speaker  illustrates  on  blackboard).  Now  in 
putting  in  a  possible  reinforcement  on  a  structure  like  that*  the 
rods  would  have  to  be  pot  in  in  this  shape.  That  rod  would 
have  a  htKik  there.  When  it  comes  up  over,  it  has  a  short  tuni 
there,  alternating  in  crossing  the  arch  ring,  and  we  have  got 
to  have  a  rod  that  we  can  bend  there.  Now^  in  one  case  where  I 
used  the  Johnson  bar,  I  heated  the  rods  and  did  it  just  as  care- 
fully as  possible,  but  wasted  at  least  ten  per  cent,  of  our  steel  in 


90  TWENTY-FOURTH   ANNUAL   MEETING. 

using  it.  They  say  you  can  get  a  Johnson  bar  in  mediuin  steel. 
If  that  is  so,  it  is  a  very  decided  improvement.  In  many  forms 
of  construction  you  are  met  with  so  many  bends  and  kinks  that 
the  high  carbon  steel  is  practically  out  of  the  question,  because  in 
bending  it,  even  under  the  most  careful  conditions  and  with  the 
most  careful  treatment,  you  will  lose  some  of  the  steel  at  least. 

I  was  going  to  state  that  when  you  come  to  go  into  the  question 
of  design,  you  can  perhaps  entangle  me,  because  I  turn  all  of  my 
designing  over  to  specialists. 

Mr.  Sperry:  I  would  like  to  ask  Mr.  Denman  what  his  idea 
is  of  the  consistency  of  concrete  for  bridge  work  ? 

Mr.  Den  MAN :  Why  it  should  be  nearly  as  wet  as  you  can  use 
it.  I  do  not  mean  by  that  a  sloppy  mixture,  but  it  should  be  of 
such  a  consistency  that  you  can  handle  it  readily.  Over  the  arch 
ring  it  is  practically  impossible  to  use  a  very  wet  mixture.  You 
cannot  allow  it  to  run  much.  For  instance,  you  take  an  arch 
that  will  have  approximately  that  rise  (speaker  illustrates  from 
the  blackboard)  and  in  bringing  it  up  here  to  that  point,  we  have 
got  to  have  a  concrete  that  is  fairly  dry.  In  the  spandrels  the 
wetter  you  can  get  it  in  the  better  job  you  can  make  of  the 
spandrel.  A  wet  concrete  will  adhere  very  much  better  to  the 
steel  than  one  in  a  dry  condition.  That  has  been  very  thoroughly 
explained  in  the  report  which  has  been  made  upon  some  of  these 
concrete  steel  chimneys  which  have  been  erected.  One  of  the 
principal  manufacturers  got  very  good  results,  considering  the 
amount  of  work  which  he  puts  out,  from  using  a  very  dry  mix- 
ture, but  they  found  in  a  great  many  instances  that  the  concrete 
had  not  adhered  to  the  steel.  A  test  was  made,  I  believe,  to 
determine  which  was  the  strongest,  but  it  only  showed  a  maximum 
of  about  one  hundred  and  fifty  pounds  over  the  wet,  it  being 
something  like  2,150  against  2,300,  we  will  say,  and  that  was 
in  the  most  perfect  condition,  all  making  the  cubit  from  which 
they  made  these  tests.  So  I  say,  where  it  is  possible,  it  is  better 
to  use  it  as  wet  as  we  can  without  throwing  water  in  just  for 
good  luck.     It  will  usually  give  better  results. 

Mr.  Sperry  :  You  mean  without  making  it  practically  impos- 
sible to  tamp  it  ? 

Mr.  Denmax  :  You  could  be  governed  by  circumstances  as  to 
the  particular  locality  in  the  structure  where  it  is  to  be  used. 
It  is  practically  necessary,  as  I  show  from  this  drawing,  to  use  it 
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in  a  wetter  condition  up  here  than  it  is  here :  there  is  a  difference 
which  should  be  made  between  usingf  it  on  the  spandrel  and  when 
you  go  on  to  the  arch  ring.  It  seems  to  nie  it  has  got  to  be 
moist  enough  tliere  to  thoroughly  tamp  about  the  rods, 

C  L,  Slocum  (by  letter) :  Mr.  Denman^s  paper  on  the  eco- 
nomic and  aesthetic  advantages  of  reinforced  concrete  bridges  is 
an  interesting  addition  to  the  literature  of  this  subject.  While 
this  construction  is,  perhaps,  still  in  an  experimental  stage,  it 
surely  is  showing  some  indications  of  maturity,  and  engineers 
can  ill  afford  to  pursue  any  other  policy,  except  an  aggressive 
one.  in  the  use  of  this  type  of  construction.  The  profession  has 
been  a  long  time  used  to  looking  at  the  large,  cumbersome  con- 
structions in  masonrv%  such  as  bulky  retaining  walls  and  huge 
arches  of  stone,  aptly  described  as  *' veritable  combinations  of 
main  strength  and  slupidness."  Sensible  of  the  wise  conserva- 
tism and  the  great  merit  and  usefulness  of  the  gravity  construc- 
tion of  the  past,  we  now  have,  in  this  skeleton  construction,  the 
main  strength,  with  the  stiipidness  left  out.  Considering  its  age, 
reinforced  concrete  has  at  least  as  few  failures  to  its  credit  as 
steel  construction  of  a  corresponding  age. 

Probably  every  independent  specialist  in  this  line  of  construc- 
tion has  pet  metliods  and  schemes,  a  product  of  his  own  study  and 
investigation;  still  if  his  functions  are  purely  engineering,  and  in 
no  wise  connected  with  those  of  contracting,  his  judgment  00  the 
relative  merits  of  a  piece  of  construction  is  less  apt  to  be  biased. 
The  functions  of  contracting  ancl  engineering  had  better  be 
entirely  separate  and  distinct.  There  are  numerous  engineering 
and  contracting  companies,  and  many  of  them  above  criticism, 
who,  if  they  can  obtain  the  contract  for  a  job,  and  supply  their 
particular  reinforcement,  or  use  their  patented  method,  will 
furnish  the  engineering  free.  The  writer  thinks  it  might  be  well 
and  profitable  to  overhaul  and  scrutinize  plans  that  are  thrown 
in  free.  While  it  is  not  always  necessary,  or  always  done,  it  is  a 
better  rule  to  do  it.  In  other  words,  independent  investigation, 
representing  a  buyer,  generally  pays  for  itself. 

It  is  certainly  far  better  to  have  continuous  reinforcement  in 
arches,  slabs,  and  beams,  and  if  welding  in  the  field  was  all  that 
we  w€>uld  wish  it  to  be,  it  would  certainly  be  the  ideal  method. 
Generally  speaking,  a  welded  joint  is  not  as  good  as  the  original 
section,  and  sliould  not  be  permitted  where  the  full  section  is 
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used.  Proper  facilities  for  perfect  welding  are  too  expensive 
and  splicing  in  concrete  is  the  cheapest  and  safest  expedient. 
The  writer  knows  of  no  standard  specifications  recommending 
welding,  and  in  fact  in  some  it  is  expressly  forbidden,  probably 
on  account  of  its  uncertainties. 

In  fabricated  reinforcement  the  numerous  connecting  links  or 
lattice,  making  a  stiff  independent  unit,  or  steel  frame,  perhaps 
cannot  be  theoretically  justified,  but  it  gives  the  reinforcement  a 
positive  character.    The  best  engineers,  of  world-wide  reputation, 
are  partial   to   fabricated  units   in   preference  to  reinforcement 
non-supporting  in  itself.     The  extra  rigidity  amply  justifies  its 
use.    The  wide  and  extensive  use  of  skeleton  frames  in  the  early 
days  of   reinforced  arch  construction,  its  undiminished   use   to 
the  present  day.  rather  vindicates  its  usefulness.     The  theorj'  of 
the  arch  is  one  of  great  complexity,  and  we  assume  much  in 
figuring  one.    The  effects  of  shrinkage  and  changes  in  tempera- 
ture are  problematical  and  uncertain.     The  bond  between   the 
barrel  of  the  arch  and  the  spandrel  walls  above  it  vitiates  the 
results  of  stress  computations  for  changes  of  temperature.    Many 
reinforced  arches  are  built  to-day  which,  according  to  theory. 
do  not  recjuire  any  steel,  but  which  is  used  as  an  extra  measure  to 
secure  toughness  and  stiffness.    In  heavy  railroad  or  trolley  work, 
a    conservative   ix)licy    appeals    rather   strongly.      If   the    writer 
understands   Mr.   1'hacher  aright  in  his  classic  papers  on   rein- 
forced concrete  arches,  he  endeavors  to  have  the  line  of  pressure 
lie  within  the  middle  third  of  the  arch  ring,  and  have  no  tension 
in   tlie  concrete   from  dead  or  live  load.     He  says  this  can   be 
done  with  a  due  amount  of  patience,  not  only  as  regards  dead  and 
live  loads,  but  temperature  stresses  as  well.     The  writer  quite 
agrees  with  Mr.  Thacher  when  he  says  that  he  **does  not  approve 
of  pa])er-like  dimensions,  nor  of  designs  which  would   not   be 
reasonably  safe  with  the  steel  left  out,  but  in  the  vastly  increased 
security  which  the  steel  affords  in  providing  against  shrinkage, 
settlement  or  other  conditions   which   cannot  be  calculated,   or 
foreseen  with  any  degree  of  accuracy.    The  steel  in  this  case  acts 
as  a  j)owerful  reserve  force  comparatively  at  rest  so  long  as  tlie 
concrete  is  able  to  do  its  share  of  the  work,  but  ready  to  step  in 
and  do  it  all  if  necessary  in  case  of  emergency."    The  merits  or 
economy    of    this    construction    are    not    destroyed    by     such 
conservatism. 
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•  Mr.  Denman's  methods  in  handling  the  centers  of  an  arch  are 
comparatively  new,  and  a  decided  advance  over  earlier  methods. 

Balustrades  or  failings  for  reinforced  concrete  bridges  should 
certainly  be  properly  and  fully  reinforced,  and  built  monolithic 
with  the  rest  of  the  construction,  as  Mr.  Denman  says.  The  addi- 
tional expense  is  trifling  as  compared  with  the  greater  security 
against  the  effects  of  shrinkage  and  temperature  changes. 


V 
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THE   HARBOR  AND   RIVERS   OF    NEW 
HAVEN. 

By  J,  Frederick  Jackson,  Mem,  Conn,  Sac,  C,  E. 

Probably  the  first  white  people  to  come  to  New  Haven  were 
the  seven  men  of  Captain  Eaton's  party,  who  having  chased  a 
Pequot  war  party  from  Saybrook  through  Fairfield  county 
spent  the  winter  of  1637  here  in  a  hut.  They  were  followed  the 
next  spring  by  John  Davenport,  Theophilus  Eaton  and  their  party 
and  the  land  was  formally  purchased  from  the  Sachems, 
Momauguin  and  Montowese,  of  the  Quinnipiac  and  Mattabeseck 
tribes.  Prior  to  that  time  there  is  no  doubt  that  the  harbor  was 
known  to  the  old  Dutch  navigators  and  shown  on  their  charts. 

The  harbor  according  to  T.  Dwight's  statistical  account  in 
181 1  "occupied  an  area  of  about  six  square  miles  and  set  up  from 
Long  Island  Sound  a  distance  of  about  four  miles.  It  is  240 
rods  wide  within  the  beach.  The  channel  lays  near  the  east  side 
and  has  a  depth  of  fifteen  feet  at  low  water  from  the  Harbor 
Bridge,  (now  Tomlinson)  except  on  a  sand  bar  formed  by  the 
erection  of  an  isolated  pier  about  one  mile  from  the  head  of 
Long  Wharf,  where  the  depth  is  but  six  feet  at  low  water;  a 
foot  and  a  half  has  been  added  to  the  former  depth  .since  the 
construction  of  the  bridge,  and  this  benefit  is  still  increasing. 
A  common  tide  is  six  feet  and  a  spring  seven  or  eight." 

The  old  maps — "A  Plan  of  New  Haven"  by  Joseph  Brown  in 
1724,  one  by  General  Wads  worth  in  1748,  and  "A  plan  of  New 
Haven  Harbor"  by  President  Stiles  in  1775 — do  not  give  us  much 
information.  They  show  the  isolated  pier  above  referred  to,  and 
the  two  creeks  on  either  side  of  State  and  Meadow  streets. 
The  arm  on  the  west  side  of  Meadow  Street  was  originally  called 
the  Winter  Harbor,  and  about  that  same  time  vessels  loaded  and 
unloaded  on  the  east  side  of  Fleet  Street. 

The  harlK)r  is  formed  by  the  confluence  of  three  rivers,  the 
West  River  which  rises  in  Woodbridge  and  is  about  ten  miles 
long,  the  Mill  River  which  rises  in  Hamden  and  is  about  the 
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same  length,  and  Quinnipiac  River  (or  long  water  place),  some- 
times called  the  Wallingford,  which  rises  in  Southington  and 
is  about  thirty  miles  long.  Here  let  me  quote  from  the  Manual 
of  Geology  of  Connecticut; 

'*The  Farmington  River  rises  in  Massachusetts  to  the  north  of 
Otis,  and  flows  southeast  for  a  distance  of  about  thirty  miles  to 
Farmin,gton.  It  there  turns  abruptly  north  to  Tariffville,  a 
distance  of  fourteen  miles ;  finally  bending  to  the  east  and  south- 
east to  enter  the  Connecticut  River  at  Windsor,  It  receives  many 
tributaries  from  the  north,  and  certain  large  streams  from  the 
south  and  west.  By  an  examination  of  the  glacial  deposits  and 
the  ancient  valleys  and  the  general  structure  of  the  region,  we 
find  that  the  Farmington  has  been  very  greatly  modified*  and 
that  the  course  that  it  now  holds  is  entirely  abnormal.  In  pre- 
glacial  time  this  river  flowed  from  the  vicinity  of  Congamuck 
Ponds  directly  south  through  Farmington,  Plainville,  Southing- 
ton,  and  Cheshire,  and  entered  the  Sound  at  New  Haven,  The 
main  tributaries  from  the  west  were  the  upper  Farmington » 
which  came  down  from  Massachusetts  through  Colebrook,  Bark- 
hamsted,  and  New  Hartford,  and  the  Peqoabuck,  which  came 
through  Bristol.  During  the  Glacial  epoch,  the  entire  river 
system  was  buried  beneath  the  ice.  As  the  ice  sheet  retreated^ 
it  left  deposits  of  material  at  different  places  along  the  Farm- 
ington and  its  branches,  which  dammed  the  stream »  and  formed 
a  number  of  lakes,  interrupting  the  continuity  of  the  river 
system.  A  lake  was  formed  at  Pine  Meadow ;  the  stream  below 
that  point  was  blocked,  and  found  a  new  course  for  itself  through 
the  gorge  at  Satan's  Kingdom.  The  pre-Glacial  Farmington 
River  was  dammed  at  Cheshire,  aiwi  was  forced  to  give  up  its 
course  to  New  Haven.  It  turned  according!}^  to  the  east,  and 
carved  the  gorge  of  the  Quinnipiac  through  a  sandstone  ridge 
at  South  Meriden.  Another  dam  was  built  in  the  region  of 
Southington,  and  a  lake  was  formed  extending  through  Plain- 
ville,  Farmington  and  Avon.  The  lowest  place  in  the  rim  of  this 
lake  was  at  Tariffville,  and  the  stream  was,  forced  to  take  that 
roundabt:)ut  way  to  the  Connecticut  River.  Mill  River  and  Quin- 
nipiac River  represent  portions  of  the  pre-Glacial  Farmington, 
and  the  Northampton  Division  of  the  New  York*  New  Haven  & 
Hartford  Railroad,  which  is  built  along  tlie  line  of  an  old  canal, 
runs  for  a  large  part  of  its  course  along  the  channel  of  the  ancient 
river.*' 
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The  first  concerted  effort  for  the  improvement  of  the  harbor 
was  in  1870,  though  in  1852  there  was  an  appropriation  of  $6,000. 
when  the  need  of  breakwaters  was  agitated  in  the  Chamber  of 
Commerce  by  many  prominent  citizens,  principally  Captain  Her- 
vey  Townsend.  and  resulted  in  a  petition  to  Congress   in   1873. 
This  was  favorably  considered  by  the  Committee  on  Harbor  and 
Rivers,  and  an  appropriation  of   100,000  dollars  recommended. 
In   some  mysterious  way  this  item  was  erased    from    the   Bill 
and   nothing   further^  was   done   until    1879.      Then    under   the 
leadership  of   Mayor   Bigelow,   Captain   Townsend   and    X.   D. 
Sperry  and  others,  a  petition  was  circulated  and  presented  to  Con- 
gress by   Congressman  James   Phelps,   which  appropriated   the 
sum  of  20,000  dollars  and  ordered  a  board  of  engineers  to  pro- 
ceed to  Ijong  Island  and  after  investigation  locate  and  commence 
construction.     Prior  to  this  time  the  available  low  water  depth 
from  the  wharves  to  Cranes  Bar,  one-third  way  down  the  harbor, 
was  nine  feet,  thence  to  Fort  Hale  half  way  down  it  was  sixteen 
feet  or  over.     Below  Fort  Hale  was  a  broad  bar  of  soft  mud 
extending  across  the  chaimel  with  available  depth  of   thirteen 
feet.     The   harbor   entrance   was   partly   obstructed    by    several 
sunken  rocks,  to  remove  which  a  project  had  been  adopted  in 
1870,  but  afterwards  abandoned  when  the  new  breakwaters  were 
pro])osc(l.     In  Quinnipiac  River  the  available  low  water   depth 
was  about  four  feet,  and  in  the  west  branch  of  the  Mill   River 
about  five  feet  to  (Irand  Avenue. 

This  board,  consisting  of  Generals  Townsend,  Xewton,  Abbot 
and  Colonel   Barbour,  the  engineer  in  charge  of  this   District, 
recommended  the  construction  of  two  breakwaters,  which   was 
approved  January  31,  1880,  Brigadier  General  Wright,  Chief  of 
Engineers,  remarking  that  it  ought  to  have  been  done  fifty  years 
before.     This  project  was  modified  by  act  September  19,    1890, 
to  construct  four  breakwaters,  thus  making  a  harbor  of  refuge 
at  the  mouth  of  Xcw  Haven  Harbor.     These  were:   one  extend- 
ing from  Southwest  ledge  to  Quixes  ledge  and  3,300  feet  long: 
one   from  a  point   T,ooo  feet  N.  54°   E.  from  Ludington   Rock 
extending  S.  54''  W.  across  the  Rock  and  5,000  feet  long;    one 
extending  northwesterly  from  a  point  6,000  feet  S.  54°  W.  from 
Ludington  Rock  and  4,000  feet  long,  and  one  extending  south- 
westerly  from   Morgan   Point  on   the  east  side  of  the  harbor 
entrance  and  1,200  feet  long,  at  an  estimated  cost  of  2,151,134.00 
dollars. 
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In  1 87 1  the  project  of  deepening  the  harbor  was  adopted; 
the  proposed  depth  and  width  being  modified  from  time  to  time 
as  appropriations  were  made  until  1899,  when  the  project  pro- 
vided for  a  channel  sixteen  feet  deep  and  from  400  to  700  feet 
wide  from  Long  Island  Sound  to  the  head  of  the  harbor  and  for  a 
dike  to  contract  the  channel  across  Fort  Hale  Bar.  This  project 
was  com|)leted  with  the  exception  of  the  chantK^l  arm  of  the  dike, 
which  was  about  two-thirds  the  projected  length  and  the  width 
of  the  channel  across  Fort  Hale  Bar,  which  was  only  200 
feet  wide. 

The  last  project  was  adopted  by  act  of  March  3,  1899  and  pro- 
vided for  a  channel  twenty  feet  deep.  400  feet  wide  and  four 
miles  long  from  the  Sound  to  Canal  Dock  :  thence  of  same  depths 
300  feet  w^ide,  one-half  mile  to  TomUnson  Bridge,  three  anchor- 
age basins  below  the  bridge  twenty,  sixteen  and  twelve  feet  deep, 
a  channel  up  Qiiinnipiac  River  200  feet  wide  and  twelve  feet  deep 
to  Grand  Avenue  and  one  up  the  Mill  River  to  junction  above 
Chapel  Street  200  feet  witle  and  twelve  feet  deep  and  thence  up 
each  branch  to  Grand  Avenue  seventy-five  feet  wide  and  twelve 
feet  deep,  this  act  limited  the  work  to  the  portion  below  Tomlin- 
son  Bridge,  but  it  was  extended  by  act  of  June  13,  1902,  to 
include  portion  above,  provided  the  cost  did  not  exceed  $345,000. 
The  above  project  w^as  completed  April  26,  1904,  except  that  part 
of  Quinnipiac  from  Ferry  Street  to  Grand  Avenue^  where  a 
channel  fifty  feet  wide  and  eight  feet  deep  was  dredged. 

By  an  act  of  March  $,  1905*  a  project  adopted  for  the  Improve- 
ment of  the  West  River  provided  for  a  channel  100  feet  wide  and 
nine  feet  deep  from  the  down  stream  corner  of  the  sixteen  feet 
anchorage  basin  in  the  harbor  via  Oyster  Point  and  the  dock 
frontage  of  W^est  Haven  to  Kimberly  Avenue  bridge.  This  has 
been  completed  and  in  addition  the  nine- foot  low  water  draft  has 
been  extended  by  private  enterprise  above  Kimberly  Avenue  to 
the  Railroad  bridge. 

The  total  amount  appropriated  for  the  widening  and  deepening 
of  New  Haven  harbor  and  rivers  and  for  maintenance  of  same 
from  1852  to  date  was  $634,073.90,  of  wdiich  about  $3,000.00 
remains  unexpended.  The  amount  appropriated  for  tlie  improve- 
ment of  West  River  was  $38,500,  of  which  about  $1,800.00 
remains  unexpended.  The  amount  appropriated  for  breakwater 
construction  at  New  Haven  from  1870  to  date  was  $<)79,ooo,  of 
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which  about  $100,000  still  remains  unexpended,  though  con- 
tracted for.  The  amount  estimated  to  complete  project  is 
$1,172,134.00. 

Bridges. 

President  Dwight's  account  mentions  seven  bridges  in  exist- 
ence at  that  time.  The  Harbor,  Dragon  and  Long  Bridge  over 
the  Quinnipiac,  the  Neck  Bridge  over  Mill  River,  Thomp- 
son's, the  Derby  Turnpike  and  West  Bridge  over  West  River. 
Of  these  the  Harbor  Bridge  was  the  only  one  of  any  importance. 
Now  we  have  Tomlinson's,  Ferry  Street,  Grand  Avenue  and 
Lewis  Bridge  over  the  Quinnipiac,  the  first  three  being  draw- 
bridges ;  over  the  Mill  River,  Chapel  Street  bridge,  the  two 
bridges  at  Grand  Avenue,  Neck  Bridge  and  Rock  Lane  Bridge ; 
of  these  Chapel  Street  is  provided  with  a  draw ;  and  over  the 
West  River,  Kimbcrly  Avenue,  which  has  a  lift  span,  and  fixed 
spans  at  Washington  Avenue.  Congress  Avenue,  Oak  Street, 
Derby  Avenue,  Chapel  Street,  Edgewood  Avenue,  and  Whalley 
Avenue. 

Wharves. 

The  wharves  and  docks  deserve  a  separate  paper  for  their 
description.  Their  history  is  filled  with  interesting  events  and 
its  fascination  gri])s  one  as  he  reads.  We  can  scarcely  more  than 
mention  them  in  the  limits  of  this  paper.  Captain  Hervey 
Townsend,  the  authority  on  New  Haven  Harbor  and  all  pertain- 
ing to  it,  states  that  the  site  of  Long  Wharf  was  granted  to 
Samuel  l>ache  in  Xovemher,  i()()3,  it  to  extend  fifty  or  sixty  feet 
out  on  the  nuid  fiats.  President  Dwight  states  in  1806,  **the 
last  fourth  of  the  wharf  is  incomplete  at  this  time,  but  will  be 
finished  this  season  and  is  built  entirely  of  stone.  The  other 
three- fourths  is  built  of  wood,  sods  and  earth,  its  breadth  for 
more  than  half  its  length  is  forty-five  feet,  and  for  the  remaining 
thirty-two  feet.  It  is  3.943  feet  in  length,  more  than  twice  the 
length  of  the  Boston  Pier,  it  is  lined  with  warehouses  and  yards 
to  the  number  of  forty  and  is  under  the  control  of  the  Union 
Wharf  Co." 

In  June.  1682  Thomas  Trowbridge  received  a  grant  for  a  ware- 
house and  wharf  twenty-two  feet  w-ide  and  thirty  feet  from  high 
water  mark   u])war(ls  and   adjoining  the   Bache   grant.      These 


HARBOR   AND   RIVERS   OF    NEW    HAVEN. 


were  the  only  grants  for  wharves  prior  to  the  Revo  hit  ion  except 
two  or  three  small,  private  landing-  places,  and  a  large  landing 
place  at  the  foot  of  Meadow  Street  prepared  for  some  Jc;kvi.^h 
merchants  frotn  Newport.  R.  L;  they  not  coming  as  expected 
it  was  sold  to  PrescoU  &  Sherman,  who  conducted  a  large 
foreign  and  domestic  hnsiness  there.  About  1848  the  N,  Y.,  N. 
H.  &  H.  R,  R.,  acquired  a  right  of  way  across  the  above  property 
and  the  Long  Wharf  to  about  the  present  junction  of  Cedar  and 
Lanihertr»n  Streets  and  enclosing  the  area  with  an  embankment, 
they  erected  a  passenger  station,  machine  shops  and  wharves. 
On  the  site  of  the  present  Water  Street  fire  engine  house  there 
was  a  wharf  previous  to  1700-  It  was  deeded  by  the  town  to  the 
Fire  Department  in  1871.  Adjoining,  on  the  site  of  the  present 
Railroad  Office  building,  a  grant  w^as  given  by  the  Selectmen  to 
Hezekiah  Sabin  to  wharve  160  feet  down  the  bank  into  the 
harbor,  with  the  stipulation  that  he  was  to  allow  vessels  to  land 
fish,  salt  and  wood,  free.  This  wharf  was  sold  to  the  New 
Haven  and  Northampton  R.  R.  in  1869  by  Governor  English, 
Alxmt  1858  the  Northampton  Company  received  the  right  to  use 
the  bed  of  the  Farmington  canal,  and  incorporated  in  their 
charter  the  right  to  wharve  off  to  the  channel  and  constructed 
what  is  now  the  older  part  of  Canal  Dock.  About  i/fp  the  docks 
now  occupied  by  Benedict,  and  Dc Forest  &  Ilotchkiss.  on  Brew- 
ery  Street,  were  built  by  Isaac  Tomlinson  and  others.  In  1800  the 
Proprietors  Committee  granted  to  Isaac  Tomlinson,  Knecland 
and  Isaac  Townsend  the  right  to  build  a  sea  wall  six  rorls  from 
high  water  mark,  from  Brewery  Street  to  old  Ferry  Point,  thus 
forming  the  present  Water  Street :  they  were  also  to  maintain  k. 
The  Belie  Dock  was  erected  about  1840:  prior  to  thai  time  there 
was  a  wharf  to  the  channel  on  the  south  aide  of  Tomlinson 
Bridge.  About  the  same  date  lleaton's  Wharf  was  constructed 
by  Colonel  Moseley. 

On  the  east  side  of  the  harf^or  and  the  river  there  was  a  wharf 
at  Morris  Cove  erected  by  the  Morrises  about  1670,  the  Townsend 
Bros.,  the  Wire  Co's..  Maltby's  built  in  1855  and  Bigelow's  in 
1883.  The  grants  for  most  all  the  earlier  of  these  were  from  the 
Proprietors  Committee  of  Comniuii  and  L^ndivided  Lands  and 
the  Selectmen,  with  such  restrictions  as  we  have  noted  above. 
Since  1874  all  matters  relating  to  the  harbor  have  been  in  charge 
of  the  Board  of  Harbor  Commissioners,  which  is  composed  of 
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five  members,  residents  of  the  towns  of  New  Haven,  East  Haven 
and  West  Haven,  appointed  by  the  Governor,  and  some  of  whose 
duties  are : 

To  have  general  care  and  supervision  of  New  Haven  harbor 
and  its  tide  water. 

To  prevent  encroachments. 

To  remove  obstacles  to  navigation. 

To  maintain  maps,  charts  and  plans  of  harbor. 

To  prescribe  harbor  lines  after  an  advertised  public  hearing. 

To  approve  location  and  plans  of  all  wharves,  piers,  bridges, 
dams,  piling  or  filling. 

To  demand  compensation  either  by  dredging  or  pa>Tnent  of  a 
sum  of  money  for  amount  of  tide  water  displaced  by  any  struc- 
ture or  filling. 

To  order  suits  of  injunction  at  the  expense  of  the  city  to 
prevent  the  erection  of  any  work  not  authorised  by  them. 

To  apply  to  Congress  for  appropriations. 

The  Board  of  Aldermen  and  Department  of  Public  Works 
have  the  authority  to  make,  alter  and  repeal  ordinances,  subject 
to  the  approval  of  the  Harbor  Commissioners,  to  provide  for 
laying  out,  discontinuing,  altering,  establishing  and  making  public 
wharves,  landing  places,  and  slips  below  high  water  mark,  within 
limits  of  the  city.  The  city  may  take  land  for  these  purposes 
under  the  same  method  of  ])roccdure  as  for  taking  land  for  a 
highway. 

Shipyards. 

The  town  shipyard,  at  the  foot  of  Olive  Street,  prior  to  1700 
was  ])rol)ably  the  first  of  the  many  shipyards  New  Haven  sup- 
ported;  though  mention  is  made  of  the  fact  that  many  sloops 
were  built  at  Xorth  Haven,  on  the  Quinnipiac  and  conveyed  to 
the  Soimd.  Later  there  wore  also  on  the  same  river  the  Forbes 
I>r()tliers  and  ( Jcssncrs'  yards.  (.)n  the  Mill  River  near  the  site 
of  the  Yale  l>f)at  House  was  the  Post  &  Griswold*s  yard  after 
its  removal  from  Ferry  Point.  On  the  east  bank  of  the  West 
(Veck  near  the  foot  of  Meadow  Street  was  Greenough's  ship- 
yard. Most  of  us  remember  tlie  ITanscom  yard  on  the  Quin- 
nipiac and  the  Sutton  yard  on  West  River  of  contemporary  times. 
'i^ie  last  vessel  hnilt  in  New  Haven  was  at  this  West  River  yard, 
the  General  Greeley.     All  of  these  yards  at  different  times  gave 
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einplovment  to  many  men  and  lurned  out  sonic  famous  ships. 
Their  decline  is  to  be  regretted,  as  the  passing  of  a  picturesque 
feature  of  the  water  front. 

Shipping. 

It  is  very  difficult  to  give  any  satisfactory  account  of  the 
shipping  of  the  port.  Some  of  the  coasting  trade  does  not  report 
through  our  Custom  House  at  all.  and  this  together  with  the 
Government  method  of  classifying  the  data,  makes  it  practi- 
cally impossible  to  arrive  at  any  very  accurate  conclusions,  but 
the  follinviug  figures  will  convey  some  understanding  of  it. 

New  Haven  w^as  made  a  port  of  entry  by  Section  4  of  the  Act 
of  Congress  March  2,  1799,  but  prior  to  that  the  Connecticut 
Gazette  began  to  publish  a  report  of  the  shipping  in  August, 
1756;  previously  to  that  the  reports  were  combined  with  those 
of  other  districts.  Edward  Randolf  was  probably  the  first  Col- 
lector of  Customs,  Governor  Leete  being  notified  of  his  appoint- 
ment, by  the  King,  in  1681, 

For  the  period  1783  to  I793t  706  vessels  were  reported  from 
New  Haven;  from  1793  to  1803  the  number  was  600.  Between 
1798  and  1804  the  tonnage  was  28,065*  There  w^as  a  registered 
tonnage  at  the  close  of  1801  of  5,100,  and  enrolled  2,152;  at  the 
close  of  1810,  registered  4486,  enrolled  1,691..  In  1807  there 
were  sLxty  captains,  residents  of  New  Haven,  engaged  in  foreign 
trade  and  sixteen  in  tlie  coast  trade.  During  this  time  tlie  ship- 
ping was  greatly  affected  by  the  embargo  and  other  acts,  and  the 
different  wars,  restricting  navigation. 

Coming  down  to  1830,  where  the  records  are  more  complete, 
we  find  for  the  decade  1830-40  an  increase  in  tonnage  of  sixty- 
one  and  five-tenths  per  cent.,  from  1840-50  an  increase  of  thirty- 
six  and  eight-tenths  per  cent.,  from  1850-60  an  increase  of 
seventy  and  two-tentlis  per  cent.»  from  1860-70  a  decrease  of 
forty-six  per  cent.,  from  1870-80  an  increase  of  niuety-six  per 
cent.;  during  the  same  period  the  numlxrr  of  vessels  increased 
seventy-three  and  two-tenths  per  cent.  From  1880-90  the  tonnage 
increased  eight}'-eight  and  three-tenths  per  cent.,  the  number  of 
vessels  fourteen  and  five-tenths:  from  1890-igoo.  the  tonnage 
decreased  seven  and  eight-tenths  per  cent.,  the  number  of  vessels 
seven-tenths  per  cent.,  and  for  the  seven  years  from  1900-07  the 
decrease  was  fifteen  and  six-tenths  per  cent.,  and  nineteen  per 
cent.,  resi^ectively* 
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Naturally  this  is  only  part  of  the  problem.  We  do  not  know 
what  profX)rtion  of  the  above  was  passenger  and  freig^ht,  nor  do 
we  know  the  relative  movement  of  rail  tonnage  for  the  cor- 
responding periods,  nor  how  much  they  were  influenced,  by 
vessels  being  able  to  obtain  better  rates  from  other  ports,  by 
convenience  in  docking  and  clearing  from  this  port,  and  the 
many  other  factors  which  enter  into  the  problem.  We  do  know, 
however,  that  the  tonnage  is  not  increasing  at  the  present  time : 
that  it  is  directly  related  to  the  depth  of  water  in  our  harbor  and 
rivers ;  that  vessels  now  draw  as  a  rule  eight  to  ten  feet  without 
cargo :  that  at  eight  to  ten  to  sixteen  feet  they  carry  one-third  or 
one-half  a  load,  at  sixteen  to  twenty  feet  they  carry  two-thirds  or 
about  double ;  that  the  last  foot  of  draft  represents  the  greatest 
carrying  capacity  and  finally  that  in  these  days  to  move  heavy 
commodities  cheaply  they  must  be  moved  in  large  quantities. 

We  see  then  that  the  history  of  New  Haven's  harbor  and 
rivers  and  water  front  shows  many  changes.  We  have  seen 
that  the  whole  west  of  the  harbor  has  been  allowed  to  slip  away 
from  the  control  of  the  city,  with  the  exception  of  the  Public 
Wharf.  Much  of  both  sides  of  the  Mill  and  Quinnipiac  rivers, 
and  some  of  the  West  River  the  same.  They  could  not  be  taken 
back  witliout  a  threat  expense  to  the  city  through  condemnation 
suits,  etc.  r^or  this  condition  no  one  in  particular  is  to  blame 
excei)t  a  deficient  public  spirit. 

It  is  interesting  to  compare  the  procedure  under  the  New 
Haven  Colony  Charter  and  under  the  Dongon,  Cornbury  and 
Montgomerie  charters  of  New  York.  Here  we  have  seen  that 
the  grants  for  wharves,  etc.  were  made  without  reservation 
except  in  one  or  two  instances. 

lender  the  alx)ve  mentioned  charters  all  vacant  and  unappro- 
priated grants  were  reserved  to  the  city.  The  city  was  granted 
lands  under  water  for  a  distance  of  400  feet  outside  of  low  water 
mark  and  had  dominion  over  lands  under  water  at  the  foot  of 
streets.  As  a  i)art  compensation  grantees  were  required  to  build 
not  only  their  own  improvements,  but  also  a  pier  at  the  foot  of 
the  adjoining  street,  in  which  the  city  would  hold  half  interest. 
The  city  ccnild  build  the  entire  structure  and  retain  all  the  wharf- 
age, or  could  unite  with  others  in  building  and  retain  part.  The 
city,  it  is  true,  gave  away  many  of  its  most  valuable  water  front 
sites  and  was  obliged  to  take  them  back  later  at  greater  expense. 
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but  from  the  beginning  there  was  in  force  a  system  safeguarding 
the  city's  interests. 

The  east  side  of  the  harbor  is  as  yet  open  to  the  establishment 
of  a  carefully  planned  system  of  water  front  improvement  and 
in  the  development  of  the  easterly  side  it  seems  that  the 
authority  of  the  Harbor  Commissioners  should  be  extended,  to 
permit  ilieni : 

To  make  contracts  for  dredging. 

To  direct  slips  to  be  dredged. 

To  establish  bulk  head  lines. 

To  establish  pier  head  lines. 

To  limit  extent  of  solid  filhng. 

And  the  city's  power  so  extended  to  enable  it : 

To  regulate  transfer  of  merchandise. 

To  lease  wharf  property  at  public  auction  or  privately. 

To  grant  permits  for  occupancy. 

To  designate  suitable  and  sufficient  wharves  for  the  use  of  the 
Departments  of  Public  Works,  Fire  and  Health. 

\\q  are  at  present  in  the  throes  of  a  public  agitation  over  the 
further  improvement  of  the  Quinnipiac  River,  and  onr  latest 
advice  in  the  matter  is  that  the  Chairman  of  the  Committee  on 
Rivers  and  Harbors  stands  unalterably  in  the  way  of  completing 
this  work,  because  he  thinks  it  partakes  of  the  nature  of  a  private 
enterprise  and  he  feels  that  notiiing  further  should  be  done  for 
Xew  Haven  until  her  citizens  have  shown  public  spirit  enough  to 
spend  some  money  of  their  own.  This  attitude  of  Washington 
need  not  occasion  any  surprise,  for  it  is  not  at  all  new.  From  the 
time  of  Jefferson  rjown,  nearly  every  President  has  found  it 
necessary  to  veto  some  Harbor  and  River  bill  Particularly  did 
President  Jackson  in  1830,  President  Arthur  in  1SS2,  and  Presi- 
dent Cleveland  in  1896  deny  the  power  of  Congress  to  appro- 
priate money  for  local  or  private  hetiefiL  But  does  this  improve- 
ment sought  by  our  citizens  come  in  I  his  category?  We  are 
accustomed  to  tliink  of  the  city  of  Chicago  as  being  quite  new 
compared  with  our  own  city»  but  as  early  as  iS^^^,  forty-six 
years  before  New  Haven,  Chicago  received  an  appropriation  of 
$25,000  and  started  work  on  the  improvement  of  her  harbor. 
Since  then  there  has  been  spent  on  the  harbor  by  the  Ciovern- 
ment  about  $2,201,000;  and  by  the  city.  $148,000;  on  the  river 
by  the  Government,  $660,000;  on  the  river  by  the  cit>%  $6,000,000; 
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on  the  river  by  the  Sanitary  District,  $1,100,000;  on  the  river  by 
private  parties,  $15,500,000;   a  total  of  about  $25,6o9,ocx). 

So  far  as  we  are  able  to  learn,  the  city  of  New  Haven  has 
expended  nothing  on  the  harbor  and  rivers.  A  very  rough 
estimate  indeed  shows,  however,  that  private  interests  have 
expended  for  docks  and  wharves  about  $610,000;  for  dredging 
and  redredging,  $186,000;  value  of  land  dedicated  to  slips,  $980,- 
000 ;  cost  of  bridges  (does  not  include  maintenance  and  repairs ), 
$960,000;  a  total  of  $2,736,000.  As  against  an  expenditure  by 
the  Federal  Government  of  $630,000.  These  figures  would  tend 
to  show,  that  the  citizens  are  not  without  good  reasons  for  urging 
their  claims  that  the  improvement  of  the  Quinnipiac  be, — not 
authorized,  if  you  please,  but  completed  as  already  authorized 
and  planned  for.  It  is  very  true  that  we  are  rapidly  approach- 
ing a  serious  condition  of  affairs  in  our  Harbor  and  Rivers 
appropriations.  From  the  sum  of  $2,000,000  appropriated  in 
the  Rivers  and  Harbor  Bill  of  1870,  it  has  increased  until  the 
appropriation  amounted  in  1907  to  $87,013,432.  It  is  true, 
also,  that  most  Harbor  and  River  Bills  contain  items  that  are 
for  selfish  local  projects  and  that  the  Federal  authorities  are 
justified  in  scanning  each  item  with  jealous  eye.  Many  Boards 
of  Trade,  Chambers  of  Commerce,  and  other  municipal  bodies 
have  realized  this  and  are  bending  their  efforts  towards  a  solution 
of  the  problem.  And  it  may  be,  that  it  will  not  be  long  before  we 
see  a  change  in  the  methods  of  harbor  and  river  legislation, 
nor  would  such  a  change  be  unwelcome  to  either  the  committee 
on  Harbor  and  Rivers,  the  Secretary  of  War,  or  the  Board  of 
Engineers,  who  would  be  relieved  from  the  many  embarrassing 
situations  which  occur  under  the  present  system.  Neitlier  would 
it  be  unwelcome  to  New  Haven,  who  should  be  able  under  a 
different  system  to  obtain  those  further  improvements  in  her 
harbor  and  rivers,  which  her  size,  geographical  position,  and  I 
will  say  her  public  spirit,  (for  I  believe  that  New  Haven  has  a 
proi)er  public  spirit,  which  though  apparently  dormant  now. 
awaits  hut  a  concerted  effort  to  thoroughly  arouse  it),  entitle 
her. 

DTSCrSSI(3X — Harbor  and  Rivers  of  New  Havex. 

Mk.  X'krkii.l:  There  are  one  or  two  statements  contained  in 
Mr.  Jackson's  paper  which  I  think  need  a  little  clearing  up. 
The  general  impression  made  by  his  paper,  I  think,  is  that  the 
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draft  of  vessels  coming  up  to  New  ilavcn  harbor  is  limited  by 
the  depth  of  water  in  the  channel.  That  is  not  correct,  I  do 
not  know  that  ^^^.  Jackson  intended  lo  convey  that  Idea,  bnt  I 
rather  got  that  impression  myself  and  if  otliers  did  I  think  it  is 
an  important  misimpression.  The  draft  of  vessels  entering 
New  Haven  harbor  is  governed  not  by  the  depth  of  water  in  the 
channel  itself  but  by  the  depth  of  the  water  in  the  private  slips* 
The  depth  of  channel  is  supposed  to  be  about  tw^enty  feet.  It 
is  actually  only  eighteen  feet  and  vessels  drawing  eighteen  feet 
can  come  in  here  very  comfortably  at  low  tide,  but,  there  is  no 
slip  in  New  Haven  with  more  than  sixteen  and  a  half  or  seventeen 
feet  depth,  and  in  fact  most  of  them  have  twelve,  thirteen  and 
fourteen  feet.  I  believe  there  are  tw^o  with  fifteen  feet.  Now 
as  an  actual  matter  of  fact  there  is  no  vessel  coming  into  our 
harbor  with  much  more  than  that,  I  believe  there  are  only  iyy^ 
vessels  that  draw  ten  feet  or  more.  These  were  lumber  schooners 
or  coal -carrying  vessels,  which  constitute  the  larger  number  of 
vessels  coming  here. 

There  is  another  thing  which  has  a  bearing  on  this,  and  that 
is  that  the  number  is  not  limited  by  the  channel,  or,  in  this  case, 
by  the  slips,  but  by  the  freight  rates.  When  the  freight  rates  are 
such  that  they  can  ship  directly  from  Southcrti  ports  here,  a  good 
deal  of  freight  comes  that  way,  but  the  conditions  are  such  now, 
and  probably  will  be  for  some  time  to  come»  that  most  of  the 
freight  which  is  shipped  here  by  water,  is  shipped  from  Jersey 
and  New  York  jxirts  and  there  is  really  no  occasion  for  a  depth 
of  over  twenty  feet  in  the  main  channel.  And  that  is  what  the 
Govenmicnt  has  provided  and  will  maintain.  So  I  do  not  think 
that  New  Haven  has  any  kick  coming  about  the  depth  that  the 
Government  provides.  Speaking  as  a  general  proposition,  it  is 
far  better  for  commerce  as  a  rule,  and  for  the  facilities  of  the 
harlxir.  that  we  have  more  water  in  the  slips  than  there  is  in  the 
channel.  You  can  take  advantage  of  the  tide  and  bring  a  vessel 
through  the  channel  having  deeper  draft  than  the  channel  ordin- 
arily has.  Under  such  circumstances  where  you  take  advantage 
of  the  tide  you  can  bring  a  vessel  into  New  Haven  harbor 
drawing  24  or  25  feet  without  any  difficulty.  Whereas,  about 
the  deepest  vessel  that  has  ever  come  has  l>een  only  about  twenty* 
three.  Of  course,  as  1  said  before,  by  far  the  greater  number  of 
them  that  come  in  here  are  vessels  of  almost  half  that. 
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HYDRAULIC-FILL  DAMS. 

By  IValtcr  S.  Morton,  Mem.  Conn.  Soc.  C.  E. 

The  conveyance  of  material  by  the  agency  of  water  had  its 
origin  in  the  hydraulic  mining  regions  of  California.  Through 
ditches  and  pipes  streams  were  delivered  under  high  heads 
and  great  pressure  and  directed  against  the  face  of  the  bank  by 
a  controlling  device  known  as  a  "hydraulic  giant''  or  "monitor," 
with  a  velocity  of  from  loo  to  200  feet  per  second,  which  under- 
mined, cut  and  loosened  everything  except  hard  rock  and  at  such 
a  small  cost  that  hydraulic  mines  carrying  but  a  few  cents  worth 
of  gold  to  the  ton  were  profitably  worked. 

This  method  has  been  successfully  applied  to  the  construction 
of  the  highest  earth  dams  built  in  the  world  and  at  a  surprisingly 
low  cost,  the  water  accomplishing  all  the  work  of  the  pick,  plow, 
wagon  or  dump  cart,  and  through  a  proper  arrangement  of  the 
flumes,  assorting,  distributing  and  depositing  the  material  at  will 
and  consolidating  it  to  a  degree  impossible  by  the  ordinary  method 
of  rolling  and  tamping. 

The  fundamental  ])rincii)les  laid  down  by  Mr.  James  D.  Schuy- 
ler, member  American  Society  of  Civil  Engineers,  who  has 
designed  and  supervised  a  larger  part  of  the  hydraulic-fill  dams 
so  far  constructed,  and  a]^i)licable  to  any  earth  dam,  as  given 
in  his  excellent  paper  on  "Recent  Practice  in  Hydraulic-Fill  Dam 
Construction,"  published  in  ** Proceedings,"  October,  1906,  are 
as  follows : 

1.  The  foundation  must  be  of  an  impermeable  character  and 
have  a  water-tight  connection  with  a  rock  or  clay  bottom  uf>on 
which  it  rests. 

2.  It  must  be  practically  impervious  to  water  in  a  whole  or 
at  least  goodly  pc^rtion  of  its  entire  cross  section. 

3.  It  must  have  slopes  sufficiently  flat  to  be  stable  under  all 
conditions  of  saturation  from  the  water  in  the  reservoir  or  from 
soaking  rains. 

4.  The  crest  of  the  dam  must  be  sufficiently  above  the  highest 
water  line  to   insure  against  the  possibility  of  overtopping  by 
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extraordinary   freshets  or  by  waves  driven  up  its  inner  slopes 
by  gales  of  wind, 

5.  It  must  not  settle,  crack,  or  show  any  signs  of  change  or 
movement  after  final  completion  and  when  put  in  service. 

These  requirements  are  fulfilled  in  the  building  of  earth  dams 
by  the  ordinarj^  method  of  moistening,  rolling  and  tamping,  and 
the  proper  selection  and  distribution  of  materials,  and  by  the 
exercise  of  great  vigilance  and  care  in  construction,  but  at  a 
much  greater  cost  and  with  a  more  limited  sectional  area. 

In  general,  hydraulic-fill  dams  are  being  constructed  in  the 
following  manner : 

A  stream  of  water  must  be  brought  to  a  point  adjacent  to 
and  above  the  top  of  the  proposed  clam  under  great  pressure, 
either  by  gravity  from  a  source  still  higher  up,  or  by  pumping 
from  the  stream  below,  the  latter  condition  more  commonly 
existing.  In  the  case  of  very  high  dams  there  must  also  exist 
a  bank  of  thirty  or  more  feet  in  height  lying  above  the  dam  site 
and  not  too  great  a  distance  from  it.  In  dams  of  moderate  height, 
m>t  only  the  w^ater,  but  tlie  material  can  be  obtained  near  the 
bottom  of  the  dam  and  forced  into  the  embankment  by  the  use 
of  sufficient  power. 

Tlie  stream  conveyed  to  the  borrow  pit  by  means  of  pipes  lead- 
ing  from  the  pump  or  from  the  gravity  flumes  terminates  in 
short  sections  of  hose  attached  to  w^hich  are  the  monitors  or 
controlling  devices;  the  hose,  generally,  of  four  inches  diameter, 
and  the  nozzles  of  two  and  one-half  inches  diameter  or  less. 
The  nozzles  are  brought  within  twenty  to  fifty  feet  of  the  face 
of  the  bank  and  flirectcd  against  it  at  the  bottom*  The  pressure 
at  the  nozzle  shotdd  not  he  less  than  seventy*five  p<iunds  per 
square  inch,  and  preferably  more.  This  powerful  stream  undcr- 
n lines  the  bank,  loosens  and  disintegrates  the  material,  moving 
even  boulders  of  large  size.  Leading  from  the  foot  of  this 
bank  to  the  embankment  is  a  wooden  flume  of  rectangular  cross 
section  or  a  riveted  steel  pipe.  This  conveying  flume,  or  pipe, 
IS  generally  laid  along  the  longitudinal  axis  of  tlie  dam  ami 
tapped  at  intervals  over  the  dam  site  by  lateral  flumes.  The 
conveying  flume  must  have  a  grade  sufiicient  to  carry  the  water 
without  depositing  within  it  the  material  held  in  suspension  and 
which   has  been   washed  into  the   flume    from   the   birrow   |)it. 
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Sometimes   two  flumes  are   used,  one  over  each    edge   of  the 
embankment. 

The  material  carried  by  the  water  is  in  all  cases  discharged  at 
the  ends  of  the  laterals,  and  is  first  deposited  on  the  up  and  down 
stream  edges  of  the  embankment.  This  serves  two  purposes; 
first,  depositing  the  coarser  and  heavier  particles  on  the  outer 
edges,  and  second,  keeps  the  outer  edges  at  a  higher  elevation 
than  the  interior. 

A  shallow  pond  is  thus  maintained  in  the  central  part  of  the 
embankment  by  means  of  the  higher  rim  and  into  this  pond 
accumulates  the  finer,  silt-like  particles  conveyed  in  the  sluiced 
material,  which  gradually  settle  and  deposit  and  thus  form  a 
large  center  core  of  fine,  impervious  material,  puddled  and 
compacted  by  the  action  of  the  water  into  a  dense  mass  which 
constitutes  the  water-tight  portion  of  the  dam,  the  heavier 
particles  deposited  on  the  outer  slopes  serving  to  hold  it  rigidly 
in  place.  Thus  by  a  proper  manipulation  of  the  flumes  the 
materials  are  assorted  and  graduated  in  size  from  the  outer 
edges  towards  the  center,  and  in  a  far  more  exact  manner  than 
can  be  done  under  the  ordinary  process  of  dam  construction,  and 
forms  one  of  the  essential  features  of  hydraulic-fill  dams.  The 
surplus  water  is  drawn  out  of  this  pool  near  the  surface  by 
suitable  wooden  drains  or  pipes. 

Several  methods  arc  used  in  maintaining  the  proper  slopes  of 
the  sides  of  the  embankment.  In  some  cases  small,  dry  embank- 
ments are  constructed  by  teams  or  scrapers,  or  by  the  piling  up  of 
loose  rock  to  confine  the  sluiced-in  materials.  In  others,  layers 
of  brush  are  placed  on  the  outer  edges  which  fill  with  sediment 
and  fonn  a  water-tight  rim.  The  method  pursued  by  Mr.  E. 
II.  McHenry,  while  chief  engineer  of  the  Northern  Pacific  Rail- 
road, and  now  vice  president  of  the  New  York,  New  Haven  & 
Hartford,  was  that  of  sprinkling  loose  hay  along  the  edges  of 
the  embankment,  upon  which  was  i)laced  a  small  layer  of  earth 
to  hold  it  in  j)osition.  The  sluiced  material  quickly  filled  the 
loose  hay  and  made  a  water-tight  edge.  This  method  was  not 
only  sim[)le  and  inexpensive,  but  through  the  subsequent  sprout- 
ing of  the  hay  into  a  rank  vegetable  growth  gave  additional 
protection  to  the  slope  after  completion. 

Another  form  of  dam  has  been  built  consisting  of  a  combina- 
tion of  a  Ic^ose  rock-fill  backed  by  a  deposit  of  earth  placed  in 
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position  by  the  sluicing  process.  In  this  fortn  of  construction  a 
diaphragm  of  two  inch  plank  was  placed  in  the  center  of  the  rock- 
fill  and  made  water-tight  so  as  to  prevent  the  sifting  of  the  finer 
material  ihroiigh  the  loose  rock  and  its  suhsequent  loss  while  still 
in  a  liqtitd  state ;  the  depositing  of  the  material  by  sluicing  being 
done  in  the  manner  heretofore  describud.  the  coarser  particles 
being  deposited  on  the  upstream  td^e  and  the  finer  airainst  and 
adjacent  to  the  rock-fill 

The  conveying  flume  reaching  from  the  borrow  jjit  to  tfie  dam 
site  should  have  a  grade  of  at  least  three  per  cent,  aud  steeper 
when  obtainable.  The  heavier  the  grade  the  greater  the  velocity 
of  the  water  and  the  constant  increased  carrying  capacity.  In 
order  to  carry  coarse  gravel  and  rock  it  should  have  a  grade  of 
from  six  per  cent,  to  seven  per  cent.  Grades  as  high  as  twenty- 
five  per  cent,  have  been  used,  bnt  in  general  one  of  six  per  cent, 
is  sufficient.  Effective  work  has  been  done  wit!i  those  as  light 
as  three  per  cent.,  but  with  such  a  light  grade  the  flume  is  likely 
to  become  clogged  and  fill  up  through  any  accidental  diminution 
in  the  water  supply. 

Flumes  are  constructed  in  many  cases  of  steel  riveted  pipe  of 
a  diameter  of  «;ixteen  to  twenty-two  inches.  Steel  pipe  under  the 
abrasion  of  the  swiftly  moving  material  is  apt  to  Iiave  a  short 
hfe.  Wooden  flumes,  rectangular  in  shape  and  constructed  of 
inch  boards,  twelve  inches  wide,  and  with  a  false  bottom  which 
can  be  replaced  when  worn  out,  seem  preferable.  They  are  of 
less  initial  cost  and  of  equal  if  not  greater  durability.  This  style 
of  flume  generally  has  an  inside  dimension  of  ten  inches  by  eleven 
inches.  The  flume  has  a  top  until  the  dam  site  is  reached »  where 
it  is  left  open.  The  laterals  are  placed  at  right  angles  to  the  main 
discharge  flume  and  receive  their  supply  from  the  bottom  and 
are  laid  on  the  same  grade  or  steeper  than  the  main  flume.  The 
flumes  are  supported  by  temporary  trestle  work  which  is  gen- 
erally buried  in  the  dam. 

The  capacity  of  the  pumps  required  to  force  the  water  through 
the  pipe  and  to  give  suflicient  pressure  at  the  nozzle  to  be  eflPective 
varies  with  local  conditions,  the  amount  of  water  desired  to  be 
delivered,  the  aggregate  volume  of  the  material  to  be  moved,  and 
the  rapidity  with  which  the  work  must  be  accomplished.  Pumps 
with  as  small  a  capacity  as  1,76  cubic  feet  per  second  have  been 
used  eflfectivcly  up  to  pumps  delivering  from  seven  to  ten  cubic 
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feet  i>er  second.  Mr.  McHenry  states  that  a  pump  of  i-ooo 
f^allons  ])er  miniite  capacity  and  with  flumes  laid  on  a  six  per 
cent,  grade  should  move  1,000  cubic  yards  of  material  in  ten 
hours  when  the  lifting  head  is  not  too  great.  In  general,  it  is 
possible  to  obtain  second-hand  pumps  and  boilers  which  should 
be  sufficiently  effective,  as  the  duration  of  the  work  is  short  and 
high  duty  not  necessarily  essential. 

The  rapidity  with  which  work  can  be  accomplished  by  this 
process  is  surprising.  In  numerous  cases  material  has  been 
depf^sited  at  the  rate  of  from  1,000  to  2,000  cubic  yards  and  over 
per  day,  a  feat  impossible  of  accomplishment  by  the  ordinar}* 
method  of  dam  construction  within  the  restricted  area  of  an 
embankment,  where  the  material  must  be  assorted,  distributed  and 
placed  in  thin  layers,  moistened  and  rolled.  Under  these  condi- 
tions a  few  hundred  yards  constitutes  a  big  day's  work. 

In  the  construction  of  the  Lake  Francis  dam,  California,  195,- 
293  cubic  yards  were  moved,  deposited  and  assorted   in    1,581 
hours  of  actual  sluicing  time,  with  a  pumping  capacity  of   four 
and  one-half  to  seven  cubic  feet  per  second,  a  conveying  flume 
of  twenty-two  inches  in  diameter  laid  on  a  three  per  cent,  grade. 
It  is  estimated  that  30,740,000  cubic  feet  of  water  were  moved. 
dej>ositing  4,940,000  cubic  feet  of  solids  or  16.6  per  cent,  of  solid 
matter  to  water.     A  ratio  of  solid  matter  to  water  when  every- 
thing was   running  smoothly  ran   from  thirty-two  per  cent,   to 
thirty-eight  per  cent.,  highest,  47.7  per  cent.     The  highest  weekly 
average  was  443  cubic  yards  per  hour,  4430  cubic  yards  in  ten 
hours;    mean,  123  cubic  yards  per  hour.     The  water  pressure  at 
the   pumj)   was    1 18   pounds   i)er    square   inch.      The   maximum 
[)ower   used    was   320   horse   power;    mean,    236   horse    power. 
Total  ])ower,  410,800  horse  power  hours,  costing  one-half  cent 
per   horse   ])owcr   hour,   e(|ual   to   one   cent   per   cubic   yard    of 
material  moved.     This   was  a  low  cost  per  horse  power   hour, 
as   the   ])ower   was   delivered   electrically   from   a   nearby   water 
])(>wer    ])lant.      The    work    was    more    or    less    handicapped    by 
the  interrupted  suj)p]y  of  i)ower.     The  cost  of  moving  material 
by  the  hydraulic  process  varies  from  two  cents  per  cubic  yard 
to   twenty   cents,   dei)ending   upon   conditions  of   iminterrupted, 
C(^n>tant  [X)wer.  j)ro])er  gradients  in  the  dehvery  pipe  giving  high 
velocities,  and  ability  to  move  larger  proportions  of  sand,  gravel. 
and   broken   spalls   of   stone,   and    the   rapidity   of  work   which 
reduces  the  lal)or  cost  and  fixed  charges. 
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Suction  dretlges,  where  \hv  i>rincipk*  involved  is  llie  same,  and 
which  are  in  coninum  use  along  the  Atlantic  Coast,  have  sucked 
material  from  the  bottom,  forced  it  from  2,000  to  4,000  feet 
thruugli  i>ipes  and  placed  it  in  banki^  eighteen  to  twenty  feet  above 
the  water  at  a  cost  of  two  cents  per  yard.  The  general  cost  of 
this  class  of  work  runs  from  four  to  six  cents  per  cubic  yard. 
The  cost  of  sluicing  in  the  Lake  Francis  dam  above  mentioned 
was  twenty  cents  a  cubic  yard.  Mr.  Schuyler,  who  had  engi- 
neering supervision  of  this  work,  states  that  with  uninterrupted 
delivery  of  power  and  other  conditions  generally  fottnd  more 
favorable  elsewhere,  this  work  could  not  have  been  done  for  but  a 
fraction  of  this  cost,  possibly  as  low  as  five  cents  per  cubic  yard. 
The  Tyler  dam  in  Texas,  built  some  fifteen  years  ago.  consisting 
uf  24,000  cttbic  yards  of  material,  cost  but  $1,140  in  all,  including 
the  spillwaVi  outlet  gate  and  pipe,  an  average  of  four  and  three- 
fourths  cents  per  cubic  yard.  The  jjump  had  a  capacity  of  520 
gallons  per  minute*  nozzle  one  and  one-half  inches  in  diameter, 
water  pressure  100  pounds  per  square  inch.  The  material  moved 
was  sixty-five  per  cent,  >and  and  thirty -five  per  cent,  clay. 

The  Western  llrick  Company  of  Danville,  Illinuis,  for  some 
five  years  back,  have  been  stripping  the  sand  and  gravel  over 
their  sliale  bed.  which  runs  from  three  feet  to  sixteen  feet  in 
thickness  by  the  hydraulic  process.  The  material  is  moved  f,6oo 
feet,  the  fitune  gradiem  being  tln*ee  per  cent.  The  water  is 
pumped  4,000  feet  through  a  ten  inch  pipe,  the  pressure  at  the 
nozzle  varying  from  seventy-five  to  une  hundred  pounds  per 
square  inch,  Abtnit  2,000  yard*^  are  moved  daily.  Hut  fuur  men 
are  employed,  iwu  at  the  nozzles,  one  fireman  and  one  engineer. 
-The  cost  is  two  cents* per  cubic  yard. 

Many  thousand  yards  of  material  were  moved  by  the  hydraulic 
process  and  endiankments  filled  by  the  Canadian  Pacific  Road. 
One  of  these  embankments  was  231  feet  high  and  contained 
i48,ocx>  cubic  yards.  The  average  cost  was  but  7.24  cents  per 
culiic  yard.  But  eight  men  were  employed,  one  piper  at  monitor, 
one  sluice  box  man,  two  flume  men.  three  men  on  dump  and  one 
foreman.  The  fill  was  made  without  interrupting  the  train 
service.  The  average  amount  moved  in  ten  hours  was  t,5to  cubic 
yards.  The  distance  moved,  nearly  1.200  feet.  Water  was  sup- 
plied  by  gravity.  In  another  fill  made  by  the  same  company 
of  400,000  cubic  yards,  the  average  cost  was  5.59  cents  per  cubic 
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yard,  and  eight  cents  per  cubic  yard  including  the  cost  of  the 
plant.  Flume  grade,  eight  per  cent.  Some  600,000  cubic  yards 
were  moved  by  the  Xorthern  Pacific  Railroad  at  an  average  cost 
of  6.39  cents  per  cubic  yard,  or  5.82  cents  for  labor  and  .57  cents 
for  material.  Some  fifteen  trestles  on  the  Cascade  division  were 
thus  filled  by  this  company  under  the  direction  of  ^Ir.  E.  H. 
AIcHenry,  the  cost  running  from  3.8  cents  for  the  lowest  and 
30.24  cents  for  the  highest,  the  latter  being  but  800  yards  and 
the  former  53,600  yards.  The  largest  amount  in  any  one  fill 
was  158,000  yards,  which  cost  5.19  cents  per  cubic  yard.  The 
average  cost  of  moving  377,000  cubic  yards  was  4.79  cents.  The 
details  of  which  are  as  follows: 

Sluicing  and  building  side  levees 3.59  cents  per  yard. 

Hay  used  in  side  levees 09      **       ** 

Tools 08      *' 

Lumber  and  nails 22      **       "        '* 

Labor  building  Humes 44     **       **        •* 

Engineering  and  superintendence 11      


Toial 4.79     *• 

XoTE. — Water  was  supplied  by  gravity. 

In  general  an  estimate  of  fifteen  cents  per  cubic  yard  would 
seem  ample  unless  conditions  were  very  unusual.  The  prepara- 
tion of  the  foundation  would  be  the  same  as  that  for  any  earth 
dam  construction.  However,  if  sufficient  rock  of  sizes  that  could 
be  moved  through  the  tlunie  is  deposited  on  the  up-stream  face  of 
the  (lam.  less  expensive  paving  for  protection  against  wave 
action  can  be  used.  This  estimated  cost  of  fifteen  cents  per  cubic 
yard  is  from  a  quarter  to  a  third  the  cost  of  constructing  a  dam 
by  the  usual  methods  of  wagons,  spreading,  moistening  and 
rolling. 

An  eminent  authority  has  said:  "No  type  of  construction  that 
man  builds  to  confine  water  can  compare  in  permanency  with 
earth  dams." 

r^arth  dams  have  a  well-defined  history  running  back  some 
2.500  years,  and  there  are  earth  dams  in  efficient  use  to-day 
hundreds  and  hundreds  of  years  old,  and  yet  there  seems  to  be 
no  subject  more  prolific  of  controversy  and  upon  which  engineers 
so  widely  dilTer  as  to  their  best  design  and  construction.  New 
Kn<:,dan(l  enii^ineers  have  a  practical  interest  in  this  form  of  con- 
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struction  where  many  rcserv'oir  dams  are  built,  often  lying  in 
hollows  with  high  banks  above  the  dam  site,  and  there  are 
instances  where  it  may  be  well  worth  while  in  the  interests  of 
economy  as  well  as  that  of  efficiency  and  durability  to  consider 
the  application  of  a  hydraulic-fill  rather  than  the  expensive  con- 
struction now  in  vogue.  In  one  earth  dam  of  a  height  less  than 
fift>^  feet  built  by  me  where  excellent  material  was  found  within 
500  feet  of  the  dam  site  and  where  the  specifications  called  for 
layers  not  exceeding  three  inches  hi  thickness,  the  contract  price 
was  oz^cr  sixty  cents  per  cubic  yard,  and  yet  tlie  contractor  made 
no  excessive  profit  on  tliis  very  large  figure.  The  dam  was  so 
well  compacted  by  rollers  as  to  cause  an  expenditure  of  nearly 
$2  per  cubic  yard  for  the  excavation  of  a  small  trench  therein. 

Mr.  Schuyler,  in  speaking  of  the  hydraulic-fill  process,  says: 

*'It  cheapens  the  cost  of  handling  and  compacting  earth  in  dams 
so  greatly  as  to  extend  widely  the  practicable  limits  of  dam  build- 
ing, by  making  it  feasible  to  increase  the  bulk  of  any  dam  far 
beyond  the  usual  dimensions,  without  exceeding  reasonable  Hmits 
of  cost;* 

Mr.  Burr  Bassell,  author  of  an  excellent  work  on  *' Earth 
Dams,*'  and  under  whose  engineering  supervision  the  Tabeaud 
dam  of  California  was  constructed,  the  highest  earth  dam  built 
in  the  United  States  by  the  usual  methods,  says,  in  speaking  of 
hydraolic-fill  dams: 

**Water  performs  the  work  of  loc»sing  the  eartli  and  rock  in 
the  borrow  pit  as  well  as  subsequently  transporting  them  to  the 
embankment  and  there  to  sort  and  deposit  them  and  finally  to  part 
company  with  them  after  compacting  them  solidly  in  place 

EVEN    MORE  FIRMLY  THAN   IF  COMPRESSED   BY   HEAVY  ROLLERS.*' 

It  must  be  remembered  that  it  is  impracticable  to  compact  clear 
sand  or  gravel  to  any  degree  without  the  admixture  of  some 
binding  material  by  the  use  of  rolling  and  tamping,  whereas  by 
water  this  material  is  reduced  to  a  very  dense  mass* 

The  more  prominent  dams  constructed  by  the  hydraulic  process 
are  as  follows : 

Lake  Francis  Dam.  California. 

Crane  Valley,  California. 

Snake  River,  Idaho  (three  dams). 

Dam  in  Hawaiian  Islands. 

New  Mexico,  built  by  the  United  States  Indian  Bureau. 
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Terrace  Dam  in  Colorado,  highest  earth  dam  in  the  United 
States.  Xecaxa  and  Tenango  in  Mexico,  the  former  the  highest 
earth  dam  in  the  world,  i8o  feet  high. 

Tyler  Dam.  Texas. 

Le  Mesa  Dam.  California. 

Lake  Christine  Dam,  California  and  the  San  Leandro  I>am. 
California. 

These  dams  run  from  forty-six  to  i8o  feet  in  height,  top  widths 
twenty  to  twenty-five  feet,  up-stream  slope  generally  three  on 
one;  down-stream  slope  two  and  two  and  one-half  on  one. 
Some  of  them  are  combination  dams,  part  loose  rock-fill  backed 
by  sluiced  in  earth.  Rock-fill  has  a  slope  of  1.5  on  one  on  the 
down-stream  side  and  three- fourths  on  one  on  the  up-stream  side 
with  a  top  width  of  ten  feet.  The  materials  composing  the  dams 
are  mostly  sand,  gravel,  rock,  with  the  interior  core  of  fine  sand, 
clay  and  in  s^jme  cases  even  quicksand  and  the  impalpable  wind- 
Ixjrne  s^;il  of  Snake  River  \'alley,  Idaho  and  volcanic  dust. 

The  Xecaxa  dam  of  Mexico  has  a  height  of  180  feet,  950 
feet  base  and  contains  some  2,000,000  cubic  yards  of  material. 
It  is  the  highest  and  largest  earth  dam  ever  built  and  was  con- 
structed throughout  by  the  hydraulic-fill  process. 

DISCUSSIOX— HvDRAULic-FiLL  Dams. 

Mk.  Kvdkr:  I  wish  to  ^ay  ju"^t  a  word  about  the  Xecaxa  Dam 
in  Mexico  mentioned  by  Mr.  Morton.  It  was  under  construc- 
tion la^t  sprini^^  wlu-n  the  American  Society  of  Civil  Engineers 
visited  it.  In  order  to  get  the  water  for  the  hydraulic  sluicing 
they  built  a  canal,  some  eleven  miles  long,  and  when  the  water 
reached  the  point  where  they  wanted  to  use  it  in  tearing  out  the 
material  tr>  be  conveyed  to  the  dam  they  had  a  head  of  450  feet. 
They  used  four-inch  nozzles  and  had  two  streams  going  at  the 
same  time.  The  force  of  the  streams  was  tremendous  and  we 
can  well  agree  with  Mr.  Morton  that  the  adoption  of  such  a 
plan  for  excavating  material  is  certainly  very  economical.  The 
(lam  is  not  nearly  completed  to  its  full  width,  or  was  not  at  that 
time,  but  it  is  on  the  way  to  be.  It  is  being  constructed  by 
Canadian  engineers. 
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MILL  ROCK  WATER  TOWER,  NEW  HAVEN, 
CONNECTICUT. 

By  Edward  E.  Minor,  Mem.  Conn.  Soc,  C.  E. 

The  New  Haven  Water  Company  con  struct  eel  during  the  last 
year  a  reinforced  concrete  water  tower  on  Mil!  Rock,  a  brief 
description  of  which  it  was  thought  might  be  of  interest  to  the 
members  of  the  Society,  The  purpose  of  the  water  tow^er  was 
to  provide,  in  case  of  necessity,  a  means  whereby  w^ater  could 
be  supplied  to  the  high  pressure  service  in  the  city,  independently 
of  its  usiiai  source  of  supply. 

The  high  pressure  service  covers  what  is  known  as  Prospect 
Hill,  and  is  supplied  by  gravity  from  an  impounding  reservoir, 
Lake  Wintergreen.  This  lake  is  situated  on  the  easterly  side  of 
West  -Rock  Range  at  an  elevation  of  about  240  feet  above  mean 
high  Waaler  in  New^  Haven  harbor »  whicJi  is  city  datum. 

Mill  Rock  is  a  precipitous  trap  rock  ledge,  lying  just  north  of 
the  Wliitneyville  pumping  station  and  near  Prospect  Hill.  The 
water  tower  is  located  on  the  highest  point  of  the  ledge.  Its 
elevation  undersifle  of  nwif  girders  is  246  feet  above  city  datum* 
The  lower  is  connected  with  the  high  pressure  service  and  with 
the  Whitneyville  pumping  station.  The  former  connection  is 
usually  open,  the  latter  closed.  The  function  of  the  tower  then 
consists  in  storing  the  water  during  the  night,  when  the  draft  is 
light,  and  feeding  it  out  during  the  day  as  the  consumption 
increases,  in  effect  much  like  a  fly  wheel  on  an  engine.  There 
remains,  as  already  spoken  of,  Its  ability  to  altogt-dier  replace  the 
Lake  Wintergreen  supply,  if  desired. 

There  were  certain  requirements,  arising  from  its  location 
and  surroundings,  which  made  it  necessary  so  to  construct  the 
tow^er  that  it  might  be  used  as  an  observatoj-y.  It  is  covered 
by  a  flat*  concrete  roof,  around  which  is  a  parapet  wall,  and 
leading  tip  to  the  roof,  an  iron  stairway.  The  stairway  is  located 
in  a  small  octagonal  tower  adjacent  to  the  water  tower  and 
opening  out  upon  the  roof. 


RQOF   or   WATER    TOWER 


FILLING   FIRST  SECTION   OF  WALL  TOWERS. 
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The  water  tower  is  50  feet  in  diameter  aiKl  2^  feet  in  clear 
height  to  the  underside  of  the  roof  girders.  The  walls  are  verti- 
cal* 18  inches  111  thickness,  and  reinforced  with  ronnd,  steel  bars 
ranging  in  size  from  1V4  to  yi  inch  in  diameter.  The  bars 
came  in  lengths  of  about  30  feet,  and  are  lapped  about  3  feet 
and  fastened  with  four  Crosby  wire  rope  clips  at  each  joint 
They  are  spaced  uniformly  5  inches  on  centers,  being  fastened  to 
2  X  2-inch  vertical  spacing  angles  5  feet  apart. 

Tlie  roof  is  supported  by  four  reinforced  columns,  18  inches 
square,  across  which  rim  beams  12  inches  in  width,  and  varying 
from  12  inches  to  16  inches  in  depth;  tJie  bottom  of  the  beams 
being  level  and  the  pitch  of  the  roof,  four  inches,  being  formed 
by  the'  top  of  the  beams.  They  are  reinforced  by  four  ^^-inch 
square,  twisted  steel  bars  and  J  i -inch  square  stirrups.  They 
divide  the  roof  into  panels  ab^iut  16  feet  square.  The  roof  slab 
is  8  inches  in  thickness  and  reinforced  by  yi-inch  square,  twisted 
steel  bars,  6  inches  on  centers  each  way.  The  beams  and  roof 
slab  are  reinforced  as  acting  continuously  across  points  of  sup- 
port and  were  put  in  at  one  time. 

The  side  walls  were  built  in  lifts  of  6  feet  in  height.  Two  com- 
plete sets  of  forms  wxre  used,  and  when  the  upper  set  was  filled, 
the  lower  one  was  taken  out  and  set  up  on  top.  Eacli  form  unit 
was  6  feet  in  height  and  about  12  feet  in  length.  When  these 
were  set  up»  tliey  were  held  very  accurately  in  place  by  battens 
spiked  to  uprights  set  inside  die  tower  about  five  feet  away  from 
the  wall  These  uprights  foriued  a  rigid  tower  inside  the  water 
tower  and  were  used  not  only  ^s  a  temporary  support  for  the 
wall  forms,  but  for  a  working  platform  as  the  walls  were  carried 
up,  and  later  as  part  of  the  staging  for  the  roof  forms. 

The  inner  and  outer  forms  w^ere  held  by  ^-inch  bolts,  the 
center  section  of  the  bolts  with  two  sleeve  nuts  being  left  per* 
manently  in  the  walls.  One  set  of  wall  forms  was  built  over 
into  the  forms  for  the  corbel  course  running  around  the  top 
of  the  tower,  and  the  other  into  the  forms  for  the  parapet. 

The  tower  is  located  on  top  of  a  rocky  ledge  about  two  hun- 
dred feet  above  the  road.  A  narrow  gage  incline  cable  way  was 
built,  having  a  grade  of  about  50%  in  the  steepest  place,  and 
running  from  the  concrete  plant  at  the  base  of  the  rock  to  the 
water  tower.  All  concrete  was  mixed  at  the  bottom.  The  track 
ran  below  the  mixing  plant,  w^hich  was  set  well  up  in  the  air 
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with  large  hoppers  for  all  materials.  A  one-yard  Smith  con- 
crete mixer  was  used.  The  buckets,  mounted  on  small  cars 
built  up  for  the  grade,  were  run  under  the  mixer,  loaded,  and 
hauled  to  the  top  liv  a  two-drum  Lidgerwood  hoisting  engine.  At 
the  top,  two  stiflf*Ieg  derricks,  set  so  as  to  command  practically  all 
sides  of  the  tower,  lifted  the  concrete  to  place.  For  the  walls 
a  three-sided  box  was  built,  set  on  wooden  rollers,  and  the 
buckets  dumped  into  this.  In  this  way  a  cubic  yard  of  soft 
concrete  was  placed  in  the  walls  easily  anrl  quickly  and  the  box 
kept  traveling  along  the  walls  at  a  good  speed. 

A  wall  section  would  be  taken  off  and  reset  above  in  two  days. 
It  would  take  one  day  to  fill  it.  The  old  surfaces  throughout 
the  work,  where  new  concrete  set  on  old,  were  picked  and  then 
thoroughly  cleaned  with  a  steam  jet.  Great  pains  were  taken 
to  have  old  surfaces  well  cleaned  and  to  have  all  concrete 
thoroughly  spaded. 

The  concrete  above  the  foundation  was  mixed  in  the  propor- 
tion of  1-2-4.  Vulcanite  cement  was  used,  crushed  trap  rock 
passing  a  lyi-inch  hole,  and  sand  having  a  uniformity  coefficient 
of  about  3,5.  The  tower  has  been  filled  for  several  weeks  and 
has  proved  practically  tight.  On  the  southerly  side  for  a  short 
distance  there  appears  some  seepage  at  the  joints.  This  is 
sufficient  to  dampen  the  surface  of  the  concrete  for  a  width  of 
about  3  inches.    Elsewhere  the  surface  appears  dry. 

The  contractors  were  the  New  York  Continental  Jewel  Filtra- 
tion Company,  Mr  John  G.  Munson  superintendeiU.  The  work 
was  planned  and  the  construction  carried  out  for  the  New  Haven 
Water  Company  under  the  direction  of  Albert  B.  Hill  consulting 
engineer*  The  writer  w^as  engineer  in  charge.  The  inspector  was 
Fred  L.  Coe,  of  Mr.  Hill's  office. 


DISCUSSION— .Mill  Rock  Water  Tower, 

Mr.  Denman  :  One  of  the  points  that  has  been  touched  on  in 
this  paper  brings  up  a  subject  of  interest  that  has  caused  a  good 
deal  of  discussion.  I  saw  recently  the  Turner  Construction 
Company  finishing  a  floor  and  they  had  adopted  a  method  in 
finishing  it  which  seemed  to  give  a  very  good  result.  The  floor 
is  put  in  and  then  they  treat  the  top  of  the  floor  with  a  layer  of 
muriatic  acid  (d)  and  then  thoroughly  wash  it  off.  The  method 
seemed  to  give  ver)-^  good  results. 
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•SNAP  SHOTS   IN  AMERICAN  CITIES." 

By  Frederick  L.  Ford,  Mem.  Conn.  Soc.  C.  E. 

Mr.  Frederick  L.  Ford  of  Hartford  gave  a  most  instructive  and  inter- 
esting talk,  entitled  "Snap  Shots  in  American  Cities.''  We  arc  able  to 
give  only  a  synopsis  of  it  here. 

It  presented  many  new  and  advanced  methods  for  promoting  the  public 
convenience,  safety  and  health,  and  the  ornamentation  of  city  streets, 
parks,  etc.  He  showed  many  views  illustrating  up-to-date  methods  of 
lighting  streets  in  many  of  the  principal  cities  of  the  countr>-,  like  Xew 
York,  Syracuse,  Buffalo,  Cleveland,  Chicago,  Minneapolis.  St.  Paul  and 
other  places.  Also  methods  of  setting  trolley  poles,  the  use  of  combina- 
tion trolley  and  electric  light  poles  for  street  lighting  purposes,  the  regula- 
tion of  the  rays  from  street  lamps  so  as  to  throw^  the  lights  more  on  the 
sidewalks  than  upon  the  highways,  the  grouping  of  electric  and  gas  jets 
so  as  to  secure  more  effective  lighting  and  also  different  appliances  and 
methods  of  ornamentation  for  lamp-posts  and  the  lamps  themselves. 

Mr.  Ford  also  showed  pictures  of  different  designs  of  "Isles  of  Safety," 
as  they  are  called,  or  places  in  crowded  thoroughfares  where  pedestrians 
may  stop  and  be  out  of  danger  from  the  traffic  in  the  street.  He  also 
showed  different  views  illustrating  methods  of  handling  trolley  traffic, 
the  lay-out  of  the  trolK-y  tracks,  the  erection  of  the  trolley  poles  in  a 
strong  and  artistic  manner.  .Also  views  illustrating  the  condition  in  cer- 
tain streets  arising  from  the  abuse  of  the  right  to  erect  overhead  wires, 
and  views  illustrating  the  difference  in  those  same  streets  after  the  wires 
were  removed.  Alsr»  pictures  shr>wing  the  difficulties  which  firemen  have 
in  fighting  fires  in  streets  along  which  are  extended  a  lar^e  number  of 
overhead  wires. 

He  also  showed  a  number  of  views  of  artistic  and  neat  appearing  public 
comfort  stations  as  erected  in  some  of  the  prominent  cities  of  the  west 
and  south,  and  commented  with  deserved  severity  upon  the  backwardness 
of  our  eastern  cities  in  establishing  such  places.  He  also  showed  some 
views  illustrating  the  interior  arrangement  of  such  stations,  and  the 
methods  used  to  secure  payment  for  conveniences  furnished,  and  the 
proper  use  and  care  of  the  conveniences  provided. 

A  series  of  views  showing  different  types  of  standard  garbage  carts  as 
u^v(\  ill  various  cities  were  all  of  interest  to  the  engineers  present,  as 
\v(  re  also  the  different  methods  which  were  illustrated  for  the  collection 
and  disposition  of  garbage.  Pictures  showing  the  different  methods  of 
Husliing  and  cleaning  the  streets,  cans  for  the  reception  of  waste  usually 
thrown  into  the  streets,  and  the  method  of  carr>'ing  ashes  as  used  in 
tlie  city  of  Brooklyn  and  carting  them  away  by  the  use  of  trolley  cars,  to 
be  Used  in  filling  in  low  land,  were  also  much  appreciated. 
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The  picture  of  an  apparatus  for  enabling  a  motorman  to  see  people 
climbing  upon  the  car  at  the  rear  so  as  to  guard  against  accidents  from 
starting  the  car  too  soon  was  of  especial  interest. 

Mr.  Ford  also  showed  some  views  of  illuminated  signs  as  used  upon 
trolley  cars,  also  views  showing  different  types  of  trolley  cars  in  use  in  Des 
Moines,  Iowa,  and  in  Minneapolis ;  also  some  cars  designed  to  climb  over 
heavy  grades,  and  a  t>'pe  of  car  used  between  Providence  and  Fall  River. 
Also  some  views  showing  the  different  styles  of  trolley  stations  in  use 
in  Boston,  Cleveland  and  other  places  at  transfer  points,  showing  how 
such  buildings  could  be  made  readily  adaptable  for  both  summer  and 
winter  and  at  the  same  time  affording  complete  protection  from  incle- 
ment weather  for  those  compelled  to  wait  at  such  points.  The  views 
shown  by  him  illustrating  the  working  of  a  temporary  bridge  erected 
over  the  rails  of  the  trolley  tracks  in  Springfield,  in  cases  where  a  fire 
hose  in  use  at  a  fire  was  stretched  over  the  rails  so  that  traffic  might  not 
be  interrupted,  were  of  great  interest. 

Many  other  views  shown  by  him,  such  as  those  of  illuminating  signs 
for  public  streets,  the  catch  basins  used  in  Milwaukee,  the  traveling  black- 
smith shop  used  by  the  fire  department  of  the  city  of  Rochester,  and 
also  those  of  private  residential  streets  which  have  received  artistic  treat- 
ment in  some  cities,  were  all  highly  enjoyed.  Mr.  Ford's  description  of 
these  private  residential  streets  as  being  virtually  little  towns  by  them- 
selves within  the  large  towns  was  a  new  idea  to  many  of  his  listeners. 

A  series  of  views  showing  the  methods  of  illuminating  these  private 
residential  streets,  ^Iso  of  the  entrances  to  various  private  parks  and 
exclusive  enclosures  of  the  kind  referred  to,  were  of  much  interest. — Ed. 
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RICHARD    MILFORD    BERRIAN. 

Jitt  flnttotiattL 

Richard  Mil  ford  Berrian  was  bom  in  Xew  York  City  on  May 
17,  1850.  After  an  education  in  public  and  private  schools  of 
Xew  York  he  began  his  engineering  work  in  1869  as  draughts- 
man in  the  offices  of  the  XeA\'  York  and  Harlem  Railroad  Com- 
pany and  was  largely  engaged  on  the  designing  of  the  old  Grand 
Central  station.  Two  years  later  he  was  made  assistant  engineer 
in  connection  with  the  Grand  Central  work  and  in  1872  he  was 
put  in  charge  of  a  portion  of  the  Fourth  Avenue  tunnel  as  di\-i- 
sion  engineer.  On  the  completion  of  this  work  in  1876  he  was 
engaged  in  various  works :  on  the  survey  and  construction  of  the 
Manhattan  Beach  Railroad  as  assistant  engineer:  on  the  Boston, 
Hoosac  Tunnel  and  Western  Railroad  as  division  engineer  and 
later  chief  engineer:  and  on  the  Buffalo  Division  of  the  Xew 
York,  Lackawanna  and  Western  Railroad  as  division  engineer  in 
charge  of  construction  and  location,  besides  miich  minor  work. 

In  1890  he  entered  the  engineering  department  of  the  Xew 
Yr>rk,  Xew  Haven  and  IJartford  Railroad  as  assistant  engineer 
of  construction :  rebuilt  the  Shaw's  Cove  and  Xiantic  draw- 
bridges ;  built  the  four  track  improvements  through  South  Xor- 
walk,  including  South  Xorwalk  four  track  drawbridge ;  built  the 
four  track  Boston  and  Providence  extension,  Boston,  connecting 
the  Providence  Division  with  the  South  Terminal,  in  addition 
constnicting  the  great  six  track  lift  bridge  across  Fort  Point 
Channel ;  built  the  four  track  elevation  through  Bridgeport, 
including  the  four  track  lift  bridge  over  the  Poquonnock  river, 
the  open  caisson  tor  the  center  pier  being  probably  the  largest 
caisson  ever  constructed,  measuring  some  65  feet  by  92  feet : 
planned  and  started  tlie  double  track  improvements  on  the  Xauga- 
tuck  Division  from  below  Derby  to  Waterbury;  constructed  the 
four  track  lift  bridge  over  the  Connecticut  river  at  Saybrook,  the 
construction  of  the  foundations  for  this  latter  bridge  by  open 
caisson  in  an  exposed  roadstead  being  a  most  bold  and  successful 
feat,  pier  Xo.  5,  built  in  43  feet  of  water,  having  what  is 
probably  the  deepest  open  caisson  ever  used. 
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On  the  completion  of  this  latter  work  he  took  charge  as  chief 
engineer  of  the  constniction  of  the  joint  state  and  county  bridge 
over  the  Taunton  Great  river  at  Fall  River,  and  was  in  charge  of 
tliis  work  when  his  death  occurreti  December  23,  1907. 

Richard  Milford  Berrian  was  unquestionably  one  of  the  ablest 
engineers  of  the  day,  and  in  his  professional  career  solved  many 
engineering  problems  of  the  lirst  magnitude,  bnt  with  character- 
istic modesty  he  would  never  consent  to  publish  any  accounts  of 
his  work.  Combining  with  remarkably  full  technical  knowledge 
of  the  principles  of  engineering  a  thorough  practical  knowledge  of 
construction  work,  and  joining  to  this  the  instinct  of  the  born 
contractor  for  organization  of  labor,  Mr.  Berrian  worked  out  his 
plans  in  the  most  complete  detail,  not  alone  as  respecting  the 
employer's  side  of  the  case  but  with  reference  as  well  to  the 
limitations  and  necessities  of  the  contractor,  with  a  resulting 
harmony  of  action  by  the  various  interests  which  secured  the  best 
possible  results.  Seeing  clearly  far  in  advance  the  various  steps 
of  the  w^ork  and  the  relation  of  all  concenied  in  it  to  the  work 
and  each  other,  Mr.  Berrian  insisted  on  absolute  and  prompt  com- 
pliance with  his  instnictions.  hut  he  was  as  quick  to  commend  good 
work  as  to  reprimand  failure  to  carry  out  his  well-laid  plans.  He 
held  the  fullest  respect*  confidence  and  admiration  of  all  wdio  came 
in  contact  with  him.  He  was  a  member  of  the  American  Society 
of  Civil  Engineers  and  of  the  Connecticut  Society  of  Civil  Engi- 
neers. In  his  death  the  profession  loses  one  of  the  greatest 
engineers  of  the  times. 

Charles  Rufus  Harte, 
CuRi-vs  L.  Slocum. 
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CHARLES   FRANCIS  POWELL, 

Brigadier -General,  U.  S.  Army,  Retired. 

3ltt  Aratnriattu 

General  Powell  was  born  in  Jacksonville,  111.,  August  13,  1843, 
and  died  at  St.  Paul,  Minn.,  July  30,  1907. 

His  early  education  was  in  the  public  schools  of  Milwaukee, 
Wis.  When  the  Civil  War  began  and  before  he  was  eighteen 
years  of  age  he  began  his  military  career,  enlisting  May  10.  186 1. 
as  a  private  in  Co.  B,  5th  Wisconsin  \'olunteers:  was  promoted 
to  Corporal  and  then  to  Sergeant  Major,  and  wliile  serving  in  the 
latter  capacity  was  appointed  a  cadet  at  the  U.  S.  Military'  Acad- 
emy by  President  Lincoln,  September  29,  1863.  He  graduated 
from  West  Point  and  was  commissioned  Second  Lieutenant.  Corps 
of  Engineers,  June  17,  1867;  was  promoted  to  rank  of  First 
Lieutenant  in  1875,  ^^  Captain  in  1896,  to  Major  in  1901,  and  to 
Lieutenant  Colonel  January  22,  1904,  all  of  the  forgoing  being 
in  the  Corps  of  Engineers.  On  March  31,  1906,  he  w^s  com- 
missioned Pirigadier  General,  U.  S.  Army,  and  on  April  3,  1906, 
he  retired  from  active  service  under  the  provisions  of  Section 
1244,  Revised  Statutes,  he  having  reached  the  age  of  sixty-two 
years. 

General  Powell's  record  during  the  Civil  War  was  a  brilliant 
one,  and  it  was  for  gallantry  on  the  field  of  battle  that  President 
Lincoln  apjxjinted  him  a  cadet  at  West  Point,  and  mainly  on 
account  of  his  war  record  that  he  finally  received  his  commission 
r>f  IJrigadier  General,  U.  S.  Army.  The  writer  is  not  conversant 
witli  the  details  of  his  service  during  this  war,  for  General  Pow- 
ell's natural  modesty  prevented  his  saying  but  little  about  it, 
but  I  once  heard  him  say  that  he  had  two  or  more  horses  shot 
under  him  and  his  cap  carried  away  by  a  rifle  ball,  but  that  he 
was  never  actually  wounded. 

While  an  officer  of  the  Corps  of  Engineers  his  duties  were  many 
and  various,  and  during  that  period  he  was  at  different  times 
enj^^agvd  in  nearly  all  the  duties  pertaining  to  Civil  and  MiHtary 
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Engineering.  He 'served  with  the  Battalion  of  Engineers;  as 
Assistant  Engineer  on  the  Geodetic  Survey  of  the  Northern 
Lakes  and  of  the  ^^Ussissippi  River  ;  as  Engineer  of  the  Thirteenth 
Lighlliouse  District;  as  Secretary  and  Disbursing. Officer  of  the 
Mississippi  River  Commission  ;  as  Engineer  Commissioner  of  the 
District  of  Cohimhia  :  and  as  Engineer  of  several  fortification  and 
river  and  harbor  districts.  Among  the  more  important  river  and 
harbor  works  of  which  he  had  charge  may  be  mentioned  the 
Cascades  Canal,  Columbia  River,  Oregon ;  the  improvement  and 
survey  of  the  Missouri  River ;  and  the  Monongahela  River  slack 
water  navigation  system.  On  January  8,  1902,  he  assumed  charge 
of  this  district,  comprising  all  river  and  harbor  improvements  in 
Connecticut  and  the  Pawcatnck  River  between  fvhode  Island  and 
Connecticut,  and  also  the  defences  at  the  eastern  entrance  of  Long 
Island  Sound*  He  remained  in  charge  of  this  district,  with  head- 
quarters at  New  London,  Conn.,  until  March  8,  K)o6,  when,  on 
account  of  a  serious  illness,  he  was  obliged  to  give  up  work,  and 
very  shortly  afterwards  retired  from  active  service. 

Throughout  his  professional  career  all  of  General  Po well's 
duties  were  well  and  faithfully  performed,  and  he  always  gave 
to  his  work  the  most  unremitting  personal  attention,  even  to  the 
smaliest  detail  Personally  he  was  of  an  extremely  kind  and 
i:oiirteous  disposition  and  devoted  to  his  family. 

He  was  married  May  17,  1883,  at  Albany,  rJregon,  to  Margaret, 
daughter  of  James  H.  Foster,  and  is  survived  by  his  wife  and 
six  children. 

He  was  elected  a  member  of  the  American  Society  of  Civil 
Engineers  on  October  3,  1888,  and  of  the  Connecticut  Society  of 
Civil  Engineers,  February  10,  1903. 

George  E.  X'errill. 
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Convention  called  to  order  at  11.30  a.  m.,  in  Xorth  Sheffield  HalL  Yale 
University,  President  Daniel  S.  Brinsmade  in  the  chair. 

It  was  voted  to  accept  the  minutes  of  the  previous  meeting  as  printed  in 
the  annual  report. 

Secretary  Jackson  read  the  report  of  the  Board  of  Direction  as  follows : 

Rkport  of  THE  Board  of  Direction. 

A  meeting'  of  the  Board  of  Direction  was  held  at  HilFs  Homestead, 
West  Haven,  on  July  10,  1907,  at  4.30  p.  m.,  at  which  time  the  following 
business  was  transacted. 

The  consideration  of  the  Haupt  resolution  was  referred  to  a  sub- 
conunittec  aj^pointcd  hy  the  President.  Three  members  were  dropped 
from  the  rolK.  TIk-  dues  of  one  member  were  remitted  up  to  Januar>'  i. 
It  wa«>  voted  that  the  Summer  Meeting?  consist  of  an  excursion  up  the 
Xau^atuck  Valley  to  Waterbnry  and  ])ack  by  way  of  Cheshire,  the  arrange- 
ments to  be  left  to  a  committee  appointed  by  the  President.  The  sum  of 
$100  was  appropriated  fc)r  expenses. 

.•\t  a  meeting  held  at  Scott's  in  Cheshire,  August  14,  1907,  the  following 
applications  for  mem1)ership  were  approved:  Charles  B.  Brow-n,  Horatio 
Rigelow.  Louis  Hudson,  Hinman  B.  Hurlburt.  Frank  H.  Lines,  Alexander 
S.  Lynch.  Claude  .\.  Magill  for  active  membership,  and  Henry  B. 
Lanwctt   for  a>'N(»ciate  nieml)ership. 

At  a  meeting  held  in  the  City  Hall,  New  Haven,  January  3,  1908,  the 
!)allots  for  nomination  of  (►fticers  were  canvassed  with  the  following  result: 

President.  Edward  W.  Bush,  Hartford. 
1st  Vice  Presirlent,  Frederick  J.  Easterbrook,  New  Haven. 
jfl  Vice  President.  T^rancis  H.  Oldershaw,  Xew  Britain. 
Secretary  and  Treasurer,  J.  Frederick  Jackson,  New  Haven. 
Directors,  Geo.  K.  Crandall,  Xew  London;    John  K.  Punderford,  New 
Haven. 
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The  resignations  of  F.  Irwin  Davis,  Louis  Hazlctine  and  Edwin  M.  Lee 
were  accepted,  one  member  was  reinstated,  and  two  members  dropped. 

The  Committee  on  Haupt  Resolution  made  the  following  report,  which 
was  adopted  by  the  Board: 

"In  the  matter  of  the  resolution  indorsing  state  control  of  waterways, 
which  was  considered  at  the  last  annual  meeting  and  referred  to  Board 
for  consideration,  the  Board  of  Direction  respectfully  reports  as  follows: 

That  they  have  considered  this  resolution  and  do  not  urge  its  adoption 
by  our  Society  because: 

The  general  topography  of  this  state  is  such  that  a  comprehensive  system 
of  canals  and  waterways  conid  not  readily  be  built,  and  even  if  built, 
would  be  of  doubtful  iitihty. 

That  further  legislation  is  not  required  to  permit  the  chartering  of  any 
company  desiring  to  organize  to  promote  interior  navigation.  In  fact» 
such  a  company  on  the  Connecticut  River  is  already  in  existence*  and  at 
the  present  time  maintains  a  dam  and  locks  for  interior  navigation, 
although  the  same  have  not  been  used  to  any  extent  for  many  years  past. 
That  in  this  state,  the  extension  of  waterways  connecting  with  salt  water 
can  best  be  made  and  maintamed  by  the  national  government. 

That  while  we  may  be  in  sympathy  with  what  might  be  done  in  other 
states  to  extend  waterways  under  state  control,  it  is  not  within  the  scope 
of  this  Societ>''  to  urge  their  adoption  elsewhere. 


Signed, 


EliWARD  W.  Busu, 
H.  J.  Kellogg, 

Cotfimittee.' 


It  was  voted  to  hold  the  annual  meeting  at  New  Haven,  that  it  be  a  two 
days'  session,  and  that  the  arrangements  be  left  in  the  hands  of  a 
committee,  to  be  appointed  by  the  President;  that  the  sum  of  $150  be 
appropriated;  that  the  publication  of  the  Bulktin  be  dispensed  with; 
that  a  sub-committee  be  appointed  by  the  President  to  audit  the  books  of 
the  Treasurer  before  the  annual  meeting. 

Signed,  D.  S,  Brinsmade, 

Henry  J.  Keixogg, 

J.   K.    PUNDERFORll, 

EiJWARO  W.  Bush, 
George  K.  Cr  and  all, 
F.  J.  Easterdrook. 
Charles  F.  Chase, 
Attest:  Board  of  Dircctiofi. 

J.  Frederick  Jackson,  Secretary. 

It  was  voted  that  the  report  be  acceptetl  and  printed  in  the  proceedings. 
Report  of  the  Secretary  read  by  Mr,  Jackson  as  follows: 
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Report  of  the  Secret aky. 

To    the    Officers    and    Members   of    the   Connecticut   Society    of    Cka 

Engineers: 

Your  Secretary*  respectfully  submits  the  following  report  for  the  pist 
year : 

In  June,  fifteen  hundred  copies  of  the  twent>'-third  annual  proceeding? 
were  printed  and  distributed  to  the  members,  to  those  societies  with  whom 
we  exchange,  and  to  different  libraries  and  institutions  of  leamins- 

The  Society  held  an  additional  meeting  on  August  14,  a  trip  up  the 
Xaugatuck  Valley  to  \Vaterbur>-,  and  back  by  way  of  Cheshire,  which  was 
thoroughly  enjoyed  by  those  present. 

The  Secretary  has  during  the  year  attended  the  different  meetings  of 
the  Board  of  Direction;  has  had  printed  and  distributed  notices  of  the 
different  meetings,  bills  for  dues  and  advertising,  and  the  ballots  for 
nominations  and  election  of  officers.  The  canvass  for  nominations 
resulted  as  stated  in  the  Report  of  the  Board  of  Direction. 

During  the  year  twenty-nine  new  members  have  been  elected ;  one 
honorary,  twenty-seven  active,  and  one  associate.  Ten  active  and  one 
associate  members  have  resigned.  Five  have  been  dropped.  John  W. 
Bacon,  Major  Charles  F.  Powell  and  Richard  ^L  Berrian  have  died.  The 
membership  on  February  10,  1908,  is  as  follows: 

Feb.  II,  '07    Transfers       Elections      Resigned      Dropped         Died  Feb.  lo,  'o3 

Honorary         11  i  12 

Active  256  27  10  5  3  264 

Associate  811  8 

275  29  II  5  3  2S4 

It  was  voted  that  the  report  be  accepted  and  printed  in  the  proceedings- 
Report  of  the  Treasurer  read  by  Mr.  Jackson  as  follows: 

Report  of  the  Treasurer  for  the  Ve.\r  ending  February  10,  190S. 

/.  Frederick  Jackson,  Treasurer,  in  account  with  the  Connecticut  Society* 
of  Civil   Knginccrs. 

RECEIETS. 

To  cash  on  hand,  February  11,  1907 $782.91 

Rcceivi'd   from  advertisements,  Kjoj    446.65 

Received  from  back   dues    81.OO 

Received  from  dues,  1906    I41.OO 

Received  from  dues,  1907    369.00 

Receivt;(l   from  (hies,  JQ08    159-00 

Received  from  sale  of  dinner  tickets   223.50 

$2,203.06 

mSBURSEMENTS. 

P»y  Cartage    $         .50 

ICx'iiressa^e     63.87 

I'Veight     2^ 
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Expense,  annual  meeting ,  $  267.85 

Postage .40 

Printing,  stationery  and  supplies 1074.31 

Rent  of  P.  O,  box  .,. 6.00 

Engraving    , . , .  <  254.90 

Services  of  stenographer  at  meetings   * . . .  40,00 

Salary,  Secretary  and  Treasurer 150  00 

Summer  meeting 21 7,50 

Telephoning ♦ .40 

Transportation 553 

Balance,  February  11,  1908  i  iQJf^ 

$2,203.06 

Having  this  day  examined  the  books  and  accounts  of  the  Treasurer,  we 
hereby  certify  that  they  arc  correct,  and  that  the  balance  in  the  hank  agrees 
with  the  same. 

Hexhv  J.  Kellogg, 

F.   J.    EASTERBROOKt 

Auditing  Committee  of  the  Board  of  Direction. 

It  was  voted  that  the  report  be  accepted  and  printed  in  the  proceedings. 

The  report  of  the  special  committee,  appointed  at  the  last  meeting  to 
consider  the  subject  of  'The  Obligation  of  Engineers  to  Contractors,*'  was 
read  by  the  Secretary  as  follows : 

To  the  President  and  Members  of  the  CoHHecticut  Society  of  Civil 
Engineers: 

Gentlemen  : — Your  committee,  appointed  at  the  last  annual  meeting  to 
take  under  consideration  the  subject  "The  Oblig^^ation  of  the  Engineer 
to  the  Contractor,  taken  in  connection  with  his  obligation  to  his  employer, 
not  only  as  regards  the  drawing  up  of  contracts,  but  also  as  regards  the 
equitable  interpretation  of  the  same."  have  carefully  considered  the  matter, 
and  beg  leave  to  report. 

It  does  not  seem  to  be  within  the  province  of  this  Society  to  lay  down 
or  to  formidate  any  set  of  rules  or  regulations  which  should  he  apphed, 
as  the  conditions  are  so  vant'ing  and  there  are,  so  often,  certain  conditions 
which  can  apply  only  to  individual  cases. 

The  enginccn  we  must  all  agree,  holds  a  peculiar  position  between  the 
owner,  or  employer,  and  the  contractor. 

It  is  seldom  that  the  engineer  has  anything  to  say  as  to  who  shal! 
receive  a  contract  as,  if  he  has  prepared  the  specifications,  they  must  be 
gotten  tip  in  an  entirely  impersonal  manner,  and  must  allow  of  such 
interpretation  that  whoever  the  contractor  may  be,  the  employer  may  be 
assured  of  obtaining  just  what  he  wants  and  just  what  he  expects. 

The  engineer  is  placed  in  charge  of  the  work  to  see  that  it  is  carried  out 

in  a  manner  that  shall  be  without  hardship  or  unreasonableness  to  either 

party,  and  he  ts  supposed  to  act  strictly  as  a  disinterested  person.     While 

he  must  maintain  the  rights  of  his  employer,  he  must  understand,  also, 
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that  the  contractor  has  certain  rights  which  must  be  considered,  and 
that  a  contract  is  a  mutual  agreement.  The  engineer  docs  not  hold  his 
position  simply  to  inflict  penalties  or  undue  requirements  upon  the  c'^n- 
tractor. 

To  «ium  it  all  up  in  a  few  words,  the  relations  between  the  engineer. 
the  contractf>r  and  the  employer  should  be  such,  that  without  discrimina- 
tion or  unfairness  a  piece  of  work  should  be  performed  in  a  manner 
that  is  a  reasonable  interpretation  of  the  specitications  or  contract,  bear- 
ing in  mind  that  all  men  have  rights  and  that  it  is  up  to  the  engineer 
to  consider  all  matters   fairly. 

Signed,  Chas.  F.  Chase, 

C  H.  Bi'xcE. 
Charles  A.  Ferkv. 

Committtw 

It  was   voted   the   report   be  accepted   and  printed  in   the  proceedings. 

Thk  Presidknt:  The  Secretary  inf<:>rms  me  that  there  is  another 
special   cr)mmittee  to   report   at   this  time. 

Mk.  C.  F.  Xk'Hols:  Mr.  President,  there  was  a  committee  appointed  to 
consider  a?>  to  the  advisal)ility  of  Iixing  minimum  charges  to  be  made  by 
engineers.  That  cr>mmittee  has  not  been  able  to  get  together  at  any 
one  time.  This  morning  we  had  a  short  meeting  and  we  thought  it  best 
to  report  to  this  meeting  tliat  it  was  the  best  policy  for  the  Society  not 
to  attempt  any  action  on  the  question  of  fixing  rates,  that  it  wa^  a  matter 
which  had  l)etter  come  bef<»re  the  engineers  themselves  in  private  practice, 
and  Wi\s  not  one  for  the  Society  itself  to  take  any  action  upon.  We  think  it 
is  a  (juestion  which  would  open  a  wide  discussion,  and  while  perhaps  there 
r>UKht  to  \k'  something  done  to  secure  better  compensation  for  engineers. 
it  was  not  thouj^ht  bc^t  for  the  Society  as  a  whole  to  take  action.  That 
is  the  recommendation  that   we  make. 

Mk,  Kkll(m;(;:  Would  it  not  be  well  to  continue  the  committee  for 
another  year?  They  have  done  well  enough.'  It  is  a  matter  of  some 
importance  and  they   niifxht   care  t<»  tliink   it   over   further. 

Mr.  liikT:  Mr.  President,  as  Mr.  Xichols  has  stated  in  his  report,  it 
seem.s  as  if  tlie  numbers  of  the  committee  had  deemed  it  unwise  to  do 
anything  in  reference  to  improving  the  compensation  of  engineers.  The 
committee  realized  that  the  profession,  as  a  profession,  is  very  poorly 
com|)en.sate(l  in  a  j^reat  many  way^  for  the  services  of  its  members,  but 
tluy  also  felt  that  in  the  matter  of  the  duties  of  engineers,  that  they 
come  up  in  such  complicated  forms,  and  arise  in  such  a  variety  of  ways 
in  the  enjiineerinij:  business,  that  it  is  practically  impracticable  and  impos- 
sible to  stipulate  (►r  fix  any  certain  sum  for  certain  work.  A  minimum 
charge  per  diem  for  the  engineer  and  his  assistant,  ordinarily  two,  on  a 
small  piece  of  work,  might  be  tlxed.  but  at  the  same  time  the  committee  have 
realized  that  oftentimes,  even  for  those  men,  there  were  conditions  and  cir- 
cumstances which  might  change  the  whole  situation,  and  it  did  not  seem 
wise,  frrtin  a  practical  standpoint,  to  recommend  that  a  minimum  charge 
shouM  be  fixed,  or  that  a  per  diem  should  be  specified.     I  am  speaking 
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now  of  the  ordinary  nm  of  work  outside  of  a  city  or  town*  with  a 
miniinum  charge  for  a  man  and  two  coini>cteitt  assistants.  Some  of  the 
niemhers  of  the  committee  thought  that  might  be  a  wise  move.  The 
committee,  however,  is  not  unanimous  in  that  respect.  But,  at  any  rate, 
what  the  masters  of  the  profession  rccdved  in  the  way  of  compensation 
was  something  that  was  a  practical  matter,  and  it  seemed  to  some  of  us, 
that  it  was  a  matter  proper  to  come  up  in  discussion  tie f ore  this  meeting, 
and  I  would  Hke  very  much  to  hear  an  expression  from  those  who  have 
had  occasion  to  look  into  the  same  problem.  There  is  a  tendency,  as  wc 
all  know,  to  get  work  in  a  great  many  cases,  not  all,  where  the  character 
of  the  service  is  more  appreciated  than  the  exact  charge.  In  a  large 
sense,  in  these  commercial  times,  it  seems  that  the  matter  of  charge  is 
certainly  one  that  has  given  occasion  for  criticism.  It  seems  to  me  that 
really  the  only  basis  of  a  fair  charge  was  the  character  of  the  work,  the 
importance  of  it,  and  on  the  basis  of  what  in  that  particular  case  would 
be  fair  compensation.  In  a  matter  of  great  importancr  there  should 
be  a  very  much  larger  remuneration  than  in  matters  of  ordinary  charac- 
ter. We  all  realize  that  there  are  a  hundred  and  one  things  that  come 
into  a  professional  man's  life  that  go  to  make  up  his  compensation,  and 
that  they  are  all  needed  to  fill  out  Most  of  the  profession  arc  equipped 
in  such  a  way,  especially  in  city  departments,  to  accept  the  character 
of  the  work  w^hich  will  come  in.  tt  is  not  ilie  exact  time  that  a  man  takes 
to  do  a  particular  class  of  work,  but  it  is  his  readiness  to  do  it,  and  tin- 
expense  that  goes  with  it  to  keep  up  his  office.  I  am  speaking  especially 
of  the  expense  of  keeping  up  an  office  to  the  standard  that  is  able  to  take 
care  of  any  line  of  work  which  ordinarily  comes  into  the  business  life 
of  an  engineer.  That  is  a  principle  of  importance  that  is  recognized  in 
all  lines  of  professional  work.  Only  the  other  day  I  had  occasion  to 
consult  a  surety  company  who  had  a  large  trust  to  carry  out  in  the 
w*ay  of  a  settlement  of  an  estate,  and  the  company's  representative  said 
to  me.  that  the  charges  were  not  based  on  the  clerical  work  but  on  the 
responsibility  that  is  imposed  upon  us,  and  it  seemed  to  me  that  that  was  a 
ver>'  wise  and  proper  position  to  take.  For  instance  in  the  line  of  state 
highway  business  there  are  matters  that  require  cool  judgment  and  a 
high  grade  of  engineering  talent.  I  think  I  am  safe  in  making  the  state- 
ment that  in  some  of  the  highway  work  the  construction  is  up  to  the 
standard  which  would  be  required  in  high  grade  railroad  or  bridge  con- 
struction. There  is  work  \vhich  goes  largely  to  the  specialist,  but  in 
the  layout  and  in  the  permanent  constmction  of  roads  and  bridges,  it 
should  certainly  be  recognized  that  it  requires  a  high  grade  of  skill 
in  the  w^orkman,  and  that  the  grade  of  skill  required  for  the  work 
should  have  its  proper  compensation  according  to  the  standard  I  have 
mentioned.  In  most  of  our  large  w^orks  of  importance,  tlie  rates  are  fixed 
upon  some  foundation  which  represents  the  aggregate  of  ideas  of  a 
great  many  persons.  It  is  not  necessary  in  all  cases,  but  in  a  great  many, 
and  I  consider  it  so  in  the  matter  of  state  work,  that  the  engineer  should 
be  a  permanent  factor  in  it,  and,  as  it  is  responsible  work,  that  he  sliould 
be  compensated  in  proportion,     1  must  say  from  w^hat  1  have  heard  from 


132  TWENTY-FOURTH   ANNUAL   MEETING. 

some  parties,  and  from  my  own  experience,  that  this  is  not  the  case.  The 
condition  many  times  is  that  the  matter  is  handled  in  such  a  way  as  to 
cause  the  engineer  to  come  out  of  the  little  end  of  the  horn. 

I  should  hardly  want  to  take  the  position  of  advocating  the  same 
methods  that  some  of  the  trades  have  sprung  upon  the  public,  but  at  the 
same  time  we  cannot  help  but  recognize  that  there  is  strength  in  union, 
and  what  has  been  gained  in  a  great  many  cases  has  been  gained  by  the 
union  of  workingmen.  We  see  that  illustrated  in  everyday  life.  There 
are  a  good  many  phases  of  this  question  and  it  is  one  which  I  think 
could  be  very  profitably  discussed.  It  would  be,  I  know,  a  great  satis- 
faction to  the  members  of  the  committee  to  hear  an  expression  from 
the  other  members  of  the  Society  in  regard  to  it,  if  it  would  not  take 
too  much  time. 

Mr.  Hill:  Mr.  President,  I  will  merely  take  the  time  to  say  a  word, 
and  that  is  with  reference  to  the  action  of  the  Society  on  this  subject. 
I  quite  agree  with  Brother  Burt  in  what  he  says  as  to  some  phases  of  the 
subject,  but  it  seems  to  me  an  entirely  wrong  conclusion  for  the  Society 
to  attempt  to  dictate  to  each  member  what  they  shall  charge  for  such 
and  such  services.  I  think  that  is  a  matter  that  ought  to  be  left  entirely 
to  the  judgment  of  each  member.  I  think  it  is  an  entirely  wrong 
principle  to  attempt  that.  I  hope- that  the  Society  will  not  do  so.  Take, 
for  instance,  the  American  Society  of  "Engineers,  Which  is  one  of  the 
strongest  societies  in  this  country,  if  not  in  the  world,  and  they  have 
no  such  regulation.  I  have  had  experience  on  the  matter  for  several 
years,  and  I  am  absolutel}'  certain  that  the  Board  of  Direction  of  the 
American  Society  would  not  tolerate  for  a  moment  any  such  principle 
as  the  right  of  the  Society  to  dictate  to  the  members  what  they  shall 
charge  for  personal  services.  1  hope  that  the  matter  will  be  left  just 
where  it  is. 

Mr.  Paksons:  Mr.  President,  I  wish  to  say  in  regard  to  that,  that  I 
agree  with  what  Mr.  Hill  has  just  stated,  so  far  as  taking  any  decided 
stand  by  the  Society  is  concerned,  but  there  is  one  point  in  regard  to  this 
discussion  that  I  think  the  engineers  ought  to  consider,  and  that  is  with 
reference  to  this  state  highway  business.  I  know  in  a  case  recently 
where  some  highway  work  was  being  done  that  the  engineer  in  charge 
was  only  allowed  by  the  commissioner  the  sum  of  six  dollars  a  day  for 
his  services,  including,  of  course,  the  use  of  instruments,  etc  Now  that 
sum  seemed  to  nic  decidedly  small  compensation  for  an  engineer  in  charge 
of  a  state  road.  The  commissioner's  plea  was  that  no  other  engineer  in 
the  state  had  sent  in  a  bill  for  over  that  amount,  which  had  been  allowed. 
It  seems  as  though  our  state  ought  to  be  willing  to  pay  fair  compensation 
for  the  services  of  a  competent  engineer  in  charge  of  such  work.  I  do 
nut  know  as  there  is  anything  to  be  said  regarding  the  position  that  the 
Society  ought  to  take,  as  to  whether  there  should  be  a  fixed  charge  or  not, 
but  it  seems  to  me  that  the  least  price  that  a  man  ought  to  accept  for  that 
kind  of  work  would  be  ten  dollars  a  day. 

Mr.  Nichols:  I  have  had  some  talk  with  engineers  in  New  Jersey. 
They  have  a  combination  formed  by  fixing  a  scale,  but  there  it  is  done 
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between  themselves,  and  not  through  the  Society.  The  engineers  in 
private  practice  have  agreed  among  themselves  as  to  the  rates.  The\'  tell 
me  that  I  hey  have  hcen  living  np  to  the  agreement,  and  thai  it  works  very 
satisfactorily.  I  think  the  same  course  can  be  taken  here,  and  that  the 
matter  is  one  that  should  be  left  out  of  the  Society  altogether. 

After  some  further  discussion  it  was  voted,  the  report  of  the  com- 
mittee be  accepted,  and  the  committee  discharged  with  the  thanks  of 
the  Society. 

The  following  were  elected  to  membership  in  the  Society:  Jonathan  H. 
Child  of  Wallingford;  Matthias  W,  Denraan  of  Springfield,  Mass,,  Charles 
A.  Sibley  of  St.  Louis,  Mo.;  Charles  P,  Waterman  of  Bristol,  Conn.; 
E.  C.  Webster  of  New  Haven,  Conn. 


ADDRESS   OF   PRESIDENT   DANIEL  S.    BRINSMADE, 

Having  been  fortunate  enough  to  have  been  present  at  the  birth  of  this 
institution,  which  next  year  will  be  entitled  to  celebrate  its  twenty-fifth 
anniversary,  I  may  perhaps  be  permitted  to  indulge  in  a  little  retrospec- 
tion. 

During  the  first  year  of  the  life  of  this  Society  five  honorary  and  thirty- 
eight  active  members  w^ere  admitted. 

Considering  the  restricted  field  from  which  a  membership  could  be 
recruited  in  1884,  I  think  this  was  a  good  showing,  and  we  can  but  admire 
the  courage  and  enthusiasm  with  which  this  advance  guard  pursued  this 
work,  holding  the  hrst  year  four  meetings  with  an  average  attendance  of 
o^^er  sixty  per  cent,  of  the  membership.  Thirteen  of  the  members  joining 
the  first  year  are  still  upon  our  rolls,  I  think  it  is  quite  remarkable 
that  such  a  large  number  of  the  originators  of  the  Society  should  have 
remained  faithful  to  its  interests  for  nearly  a  quarter  of  a  cejttury.  That 
they  planned  even  better  than  they  expected  or  even  hoped  is  demonstrated 
by  the  success  and  influence  to  which  this  Society  has  attained,  our  mem- 
bership having  increased  o\'cr  sevenfold. 

Of  the  choice  vintage  of  1884,  so  happily  alluded  to  by  one  of  our 
ex- Presidents  in  Introducing  a  member  who  joined  the  Society  at  its 
beginning,  nine  have  been  honored  by  filling  the  President*s  office  of  this 
Society.  The  enthusiastic  interest  shown  in  1884  seems  to  have  con- 
tinued during  the  early  days  of  this  Society,  for  in  1890  the  membership 
had  grown  to  eighty,  and  the  President's  report  of  that  year  indicated 
a  great  varietj^  of  work  done  in  the  state  under  the  supervision  of  the 
Society  members.  During  the  business  depression  the  following  three 
years  and  continuing  for  some  years  thereafter  little  gain  was  made  in 
membership,  but  commencing  in  igoo,  perhaps  partly  due  to  the  general 
prosperit>'  of  the  counto^  but  probably  largely  due  to  tlie  broader  field 
opened  for  engineering,  the  membership  rapidly  increased  until  at  the 
present  time  we  have  284  members.  But  it  is  not  alone  in  membership 
the    Society   has    shown    prosperity;    its    publications    have    increased    in 
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interest  and  in  the  number  of  subjects  treated.  The  voluine  last  pub- 
lished contained  over  two  hundred  pages  composed  of  interesting  papers, 
finely  illustrated,  and  is  a  work  of  which  the  Society  may  well  be  proud- 

Thc  summer  meeting  the  last  year  began  in  New  Haven  and  ended  in 
New  Haven,  as  many  other  good  things  have  done.  However,  in  swing- 
ing around  the  circle  the  members  had  an  opportunity  to  visit  other 
places,  although  perhaps  lesser  lights  than  Connecticut's  Hub. 

The  party  were  conveyed  by  trolley  via  Derby  and  Waterbury,  afford- 
ing the  members  fine  opportunity  to  view  both  the  electrical  and  steam 
road  improvements  being  made  along  the  Naugaluck  Valley.  The  Nauga- 
tuck  River  was  at  a  low  stage  and  when  we  were  once  on  the  track  there 
was  no  danger  of  losing  the  scent.  However,  when  we  arrived  at  the 
Clul)  House  in  Waterbury  no  one  seemed  to  have  lost  his  appetite.  After 
partaking  of  a  light  lunch,  the  members  were  given  the  freedom  of  the 
city  for  about  two  hours,  giving  them  a  fine  opportunity  to  visit  the 
sites  of  the  railroad  improvements  in  progress  and  the  sewage  disposal 
plant.  A  beautiful  ride  over  the  Cheshire  hills  .ind  the  party  were 
landed  at  the  Cheshire  Inn. 

There  are  certain  days  in  the  history  of  every  institution  which  ever 
after  are  referred  to  as  red  letter  days.  I  think  for  a  long  time  the 
members  of  the  Connecticut  Society,  who  were  privileged  to  witness  or 
participate  in  the  ball  game  played  on  the  grounds  belonging  to  the 
Cheshire  Inn  and  partake  later  of  the  dinner  served,  will  look  back  to  this 
occasion  with  great  pleasure. 

Just  as  the  sun  was  sinking  in  the  western  horizon,  casting  a  glow  of 
beauty  over  the  Cheshire  hills,  we  took  the  trolley  for  New  Haven,  where, 
thanks  to  our  good  pilot,  to  whom  we  were  so  largely  indebted  for  much 
of  our  (lay's  pleasure,  we  arrived  safely.  Who  shall  say  that  the  day 
was  not  well  si)ent  ? 

I'larly  in  January  of  the  present  year  I  sent  out  circulars  to  members 
of  the  Society  residing  in  the  state,  inquiring  for  information  as  to  the 
class,  amount  of  work  and  its  cost,  done  during  the  past  year  under  their 
supervision.  I  did  not  expect  to  obtain  information  which  would  be  of 
special  use  to  our  members  as  a  ])asis  of  estimate  for  cost  of  work,  but 
I  (lid  hope  to  obtain  a  fairly  accurate  cost  of  the  work  done  under  their 
supervision  during  the  year,  not  only  as  a  matter  of  interest  but  espe- 
cially to  show  tlie  great  responsibility  placed  upon  the  members  of  the 
engineering  profesi»ion.  1  received  over  thirty  replies  to  the  circulars 
sent  out,  which  l)eing  collated  show  the  following  results : 

For  Sewer    Work $   244,193.28 

Water   Works    Construction    31 1,285.18 

Electric   Roads    I76,520.cx) 

I^^iving   268,63353 

Bridges    1,629,271.62 

all  other  purposes   r,8io,22i.8i 

Making  a  total  of    $4,440,125.42 
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Although  a  vcr>'  large  amoutit  of  steam  road  construction  has  been 
under  the  supcr\'Lsimi  of  our  members  the  returns  of  the  cost  of  this 
branch  of  engineering  were  so  incomplete  that  1  ha\e  not  inchidcd  them 
in  the  above  estimales,  but  a  conservative,  esttmalc.  I  am  sure,  would 
add  stifficient  to  the  above  amount  to  niake  over  $6,ooo,otx>.oo  of  work 
that  has  been  done  under  the  direction  of  members  of  the  Society 
residing  in  the  State  of  Connecticut,  Tlicse  figur**^  are  by  no  means  the 
full  measure  of  the  responsibility  assumed;  they  represent  in  a  general 
way  the  approximate  co^t  of  the  enterprises  that  have  been  executed,  but 
they  do  not  include  the  value  to  be  placed  upon  the  trained  judgnicnt 
in  passing  nfy:>n  enterprises  which  do  not  and  should  not  materialize,  nor 
do  they  include  the  value  to  be  placed  upon  the  administrative  talent  now 
so  often  required  from  members  of  the  engineering  profession  which  is 
needed  in  the  superintending  and  conducting  of  so  many  of  our  trans- 
portation and  industrial  ctirpi>rations. 

Three  years  ago  the  retiring  President  said:  "With  the  layman,  the 
standing  of  the  engineer  as  compared  with  other  professions  is  not  on 
the  plane  it  should  be/'  I  believe  this  condition  still  exists,  and  that  it 
is  the  duty  of  each  and  every  one  of  us  to  do  all  in  his  power  to  place 
it  upon  its  proper  plane. 

At  our  last  annual  meeting  a  proposed  bjil  to  regulate  the  practice  of 
civil  engineers  and  surveyors  in  Connecticut  was  discussed.  I  have  a 
feeling  that  the  proposition  was  handicapped  at  the  start  by  my  own  well 
meant  but  jierhaps  unfortunate  eflForts  tu  place  the  measure  in  such  a 
position  before  the  Legislature  thnt  action  could  be  taken  if  the  Society 
favored  it. 

I  believe  a  law  passed  by  the  Legislature  along  the  line  suggested  in 
the  bill  discussed  last  year  will  help  to  raise  the  standard  of  the  engi- 
neering profession  and  I  hope  in  the  near  future  this  matter  wnll  be  more 
thoroughly  investigated  by  the  membership.  In  the  meantime,  let  c;ich 
one  of  us  do  his  best  to  accomplish  the  same  result. 

Due  to  the  increased  demand  for  water  supply  in  the  growing  cities 
and  towns  thmughont  the  slate,  and  the  incentive  given  to  w^atcr  power 
devekipment,  due  to  the  extensive  application  of  electricity  to  long 
distance  transmission,  the  matter  of  stream  measurement  is  becoming  of 
vital  importance.  The  United  States  Government  is  doing  some  work 
along  this  line,  but  I  am  informed  that  at  the  last  session  of  Congress  the 
appropriation  for  carrying  out  the  work  was  reduced.  I  would  like  to 
suggest  the  appointment  of  a  committee  lo  have  this  matter  in  charge  and 
if  the  question  of  appropriation  is  again  considered  by  the  Government, 
thai  action  may  be  taken  to  convince  them  of  the  necessity  of  pur>uing 
the  work  and  increasing  rather  than  decreasing  the  appropriation  therefor. 

We  have  Inst  during  the  year  by  death  the  following  members:  Jolm 
W.  Bacon,  Major  Powell,  Richard   Berrian. 

For  the  full  report  of  our  membership  reference  is  made  to  the  Secre- 
tary's repf>rt. 

In  conclusion  1  wish  to  thank  the  membtrrs  and  tny  associate  officers  for 
their  courtesy  during  the  year*  and  wish  the  Society  a  ci:»ntintiation  of 
the  prosperity  which  it  has  enjoyed  in  ihc  past. 
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It  was  voted  to  print  the  President's  address  in  the  proceeding's. 

The  President  appointed  the  following  Committees  on  Necrology:  In 
memory  of  Mr.  Powell,  Mr.  G.  E.  Verrill,  Mr.  G.  K  Crandall  and  Mr. 
W.  H.  Richards. 

In  memory  of  Mr.  Berrian,  Mr.  R.  F.  Stoddard,  Mr.  T.  B.  Ford  and 
Mr.  Walter  T.  Spencer. 

The  tellers  presented  the  following  report  of  the  canvass  of  the  letter 
ballot  for  officers  for  1908: 

VOTE  FOR  OFFICERS  OF  THE   CONNECTICUT   SOCIETY  OF  CIVIL   ENGINEERS. 

Total  number  of  votes  cast  98 

Necessary  for  a  choice  50 

For  President,  Edw.  W.  Bush 98 

For  First  Vice  President,  F.  J.  Easterbrook  94 

A.  H.  Terr>'   i 

S.  B.  Palmer   i 

For  Second  Vice  President,  Fred  J.  Oldershaw  S3 

S.  B.  Palmer i 

For  Secretary  and  Treasurer,  J.  Fred.  Jackson 97 

Edw.  E.  Minor  i 

For  Board  of  Direction,  J.  K.  Punderford 92 

George  K  Crandall  91 

A.  Wm.  Sperry  i 

Clarence   Blakeslee    i 

C.  E.  Chandler  i 

The  President:  I  declare  that  these  names  which  have  been  read  by 
the  committee  are  appointed  as  the  officers-elect  of  this  association  for  the 
ensuing  year.  I  think  wc  have  with  us  our  new  President,  Mr.  Bush, 
and  I  am  sure  that  we  would  all  be  very  happy  to  hear  from  him. 

Mr.  Bush  :  Mr.  President  and  Gentlemen  of  the  Connecticut  Society, 
I  thank  you  very  much  for  the  honor.  I  shall  not  occupy  much  of  your 
time.  I  will  only  recall  the  closing  remark  of  our  President,  in  which 
he  said  that  he  hoped  for  the  continued  success  of  the  Society,  and  I, 
too,  in  this  position  to  which  I  have  been  newly  elected,  think  I  can  hope 
a  little  bit  harder  for  the  same  result.  I  hope  that  the  members  will 
continue  their  interest  in  the  Society,  and  will  give  it  their  hearty  support, 
not  only  in  the  matter  of  preparing  papers,  but  in.  the  discussions,  and 
taking  an  interest  in  the  Society.  We  have  a  membership  now  of  about 
275,  which,  I  think,  is  very  fairly  representative  of  the  engineers  of  the 
state.  It  certainly  should  be  with  a  membership  of  that  size.  It  will  be 
my  sincere  endeavor  to  farther  the  interests  of  the  Society  and  I  ask  for 
your  support.     (Applause.) 

The  President:    I  think  that  closes  the  regular  business. 

If  there  is  any  miscellaneous  business  to  be  presented  there  is  now  an 
opportunity. 

Mr.  Hhx:  The  President  made  a  suggestion  about  the  appointment  of  a 
committee  on  water  supplies,  or  rather  in  reference  to. a  committee  upon 
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the  measurerncnt  of  the  run-off  of  streams.  Mr.  Ferry,  the  other  day, 
made  a  suggestion  which  I  think  is  worthy  of  consideration  in  this  connec- 
tion, and  that  is,  that  the  committee  should  be  appointed  to  see  if  legis- 
lation could  not  be  obtained  for  this  state  similar  to  the  legislation  in 
Massachusetts  in  regard  to  the  appropriatioo  of  water  supplies.  In  this 
state,  as  the  law  now  stands,  the  company  proposing  to  take  water  supply 
must  pay  for  all  the  water  of  that  shed,  whereas  in  Massachusetts  they 
can  designate  the  amount  that  they  wish  to  take  for  that  purpose,  and 
later  on  if  they  wish  to  take  more  they  can  have  another  appraisal  of  the 
portion  which  they  wish  to  take  in  addition.  Now  it  frequently  happens 
that  water  companies  only  desire  to  take  a  small  portion  of  the  run-off 
of  a  particular  shed,  but  under  the  present  law  they  have  to  pay  for  it  all. 

I  would  like  very  much  to  hear  some  discussion  as  to  the  desirability 
of  appointing  a  committee  to  take  that  matter  up. 

The  President:  Gentlemen*  you  hear  the  remarks  of  Mr.  Hill.  Will 
you  make  any  motion? 

Mb.  Hill:  In  order  to  bring  the  matter  properly  before  the  Society, 
Mr.  President,  I  will  move  that  the  committee  to  be  appointed  also  take 
into  consideration  the  question  of  securing  legislation  in  regard  to  the 
appropriation  of  water  supplies  in  this  state. 

I  have  written  the  motion  out,  Mr.  President,  and  the  way  it  now 
reads  is  as  follows:  I  move  that  the  recommendation  of  the  President 
for  the  appointment  of  a  committee  on  the  measurement  of  streams 
be  adopted  and  that  the  committee  also  take  into  consideration  the 
enactment  of  legislation  relating  to  the  appropriation  of  water  for  public 
supplies  on  the  lines  of  the  Massachusetts  law. 

The  President:  Gentlemen,  you  hear  the  motion.  What  is  your 
pleasure  to  do  with  it? 

Mr.  Nichols  :    I  think  the  number  of  men  on  the  committee  should  be 
named,  should  it  pot?     It  seems  to  me  that  that  should  be  fixed, 
-Mr.  Hill:    There  seems  to  be  difference  of  opinion  as  to  that.     I  sug- 
gested that  the  number  be  five.     Possibly  it  may  be  well  to  get  the  sense 
of  the  Society, 

The  President  :   We  can  do  that  after  we  get  the  committee  appointed. 

Mk.  Nichols:  I  think  the  number  should  be  fixed  in  the  first  motion. 
My  idea  of  it  is  that  there  should  be  at  least  one  from  each  county. 

The  President:    Is  the  motion  of  Mr.  Hill's  seconded? 

Motion  seconded. 

The  President:  Will  you  remark  further  upon  the  motion? 

Mr.  Bush  :  Mr.  President,  does  this  motion  authorize  this  committee 
to  introduce  the  bill  into  the  Legislature  to  that  effect?  If  not,  it  seems  to 
me  that  we  ought  to  consider  that  phase  of  it  W^e  will  not  have  our 
annual  meeting  again  until  after  the  time  has  passed  for  bills  to  be 
introduced  into  the  Legislature,  It  seems  to  me  if  this  committee  con- 
siders this  subject  favorably  they  ought  to  get  somebody  to  introduce  a 
bill,  or  they  should  be  authorized  to  do  it,  or  we  ought  to  authorize  them 
at  this  meeting  or  else  we  will  be  up  against  it. 

Mr.  Hill:  I  intended  to  word  the  motion  so  as  to  cover  that  point; 
that  the  committee  take  such  action  in  regard  to  that  as  they  deemed  advis- 
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able.  That  should  be  included.  Perhaps  I  did  not  express  it  clearly 
enough. 

The  President:  Tf  it  is  understood  I  think  it  is  all  right  Will  you 
remark  upon  the  motion  further?     If  not  I  will  put  it  to  the  vote. 

Motion  carried. 

Now  will  you  take  up  the  matter  of  how  many  members  this  com- 
mittee shall  be  composed  of  and  how  it  shall  be  appointed. 

Mr.  Ferry  :  I  move  that  the  committee  consist  of  five  members  and  be 
appointed  by  the  chair. 

Motion   seconded. 

Mr.  Hill:  I  will  move  to  amend  that,  so  that  the  chair  shall  be  one 
of  the  committee. 

Mr.  Ferry  :    I  will  accept  the  amendment. 

The  President:  It  is  moved  and  seconded  that  the  committee  of  five 
be  appointed,  of  which  the  chair  shall  be  a  member.  Will  you  remark 
upon  the  motion? 

Motion  carried. 

It  was  voted  that  the  Secretary  edit  the  proceedings  of  the  meeting  so 
as  to  give  an  outline  of  all  the  business  done. 

Voted  to  adjourn  until  3  p.  m. 

During  the  iirtermission  the  visiting  members  were  entertained  at  lunch 
at  Heublein's  by  the  New  Haven  members,  and  at  2  p.  m.  were  conducted 
through  the  Hammond  Laboratory,  where  the  different  departments  were 
very  interestingly  explained  by  Prof.  Huntoon. 

MORXIXG  SESSION— WEDNESDAY,   FEBRUARY    12,    1908. 

Convention  called  to  order  at  10:10  a.  m.  President  Brinsmade  in  the 
chair. 

Mr.  C.  H.  Chandler  not  lacing  present,  his  paper  on  "Stream  Flow 
Data"    was  read  by  Mr.  S.  H.  Palmer.     The  paper  is  printed  on  page  27- 

Mr.  Ermon  E.  Peck  of  Hartford,  being  absent,  his  paper  on  ** Water 
Waste  Investigations'*   was  road  by  Mr.  R.  M.  Clark. 

The  paper  is  printed  on  i)age  67. 

Mr.  M.  W.  Donnian  read  his  paper  on  "Reinforced  Concrete  Bridges." 

The  paper  is  printed  on  page  72. 

Mr.  J.  Frederick  Jacksun  then  read  his  paper  on  "The  Harbor  and 
Rivers  of   Xew   Haven." 

The  paper  is  printed  on  page  94. 

Mr.  Walter  S.  Morton  of  Xew  York  read  his  paper  on  "Hydraulic 
Fill  Dams." 

Mr.  Morton's  paper  is  printed  on  page  106. 

Mr.  Edward  E.  Minor  of  Xew  Haven  then  read  his  paper  on  "The 
Mill   Rock  Water  Tower." 

Mr.  Minor's  paper  is  printed  on  page  115.  • 

Votes  of  tlianks  were  extended  to  The  Governing  Board  of  the  Shef- 
field Scientific  School,  the  members  of  the  local  committee  of  arrange- 
ments and  to  the  meml)ers  who  presented  papers.  Mr.  Wm.  B.  Poller 
was  elected  an  honorary  member  of  the  Society.  The  meeting  was 
adjourned,  subject  to  call. 
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CONSTITUTION. 


ARTICLE  I. 


NAME    AND    OBJECT. 

Section  i. — The  name  of  this  Society  shall  be  the  Connecticut  Soci- 
p:ty  of  Civil  Engineers. 

OBJECT. 

Sec.  2. — The  object  of  this  Society  shall  be  the  professional  improve- 
ment of  its  members;  the  encouragement  of  social  intercourse  among 
men  of  practical  science,  and  the  advancement  of  engineering  in  its 
several  branches,  to  wit:  Civil,  hydraulic,  naval,  sanitary,  mechanical, 
electrical,  architectural,  mining,  geological,  metallurgical,  and  chemical; 
the  reading  and  discussion  of  papers,  or  to  hear  lectures  on  any  of  the 
above  topics  relating  to  engineering  science,  and  the  transaction  of  all 
business  properly  belonging  to  said  Society. 

ARTICLE  IL 
membership. 
Section  i. — The  membership  of  this  Society  shall  consist  of  Members, 
Honorary   Members  and  Associate   Members. 

MEMBERS. 

Sec  2. — Members  must  be  at  least  twenty-one  years  of  age  and  have 
had  two  years'  actual  experience  in  some  branch  of  engineering  or  sur- 
veying, or  shall  have  been  graduated  from  an  engineering  course  in  a 
college  or  university  of  recognized  standing,  and  they  only  shall  be 
entitled  to  vote  or  transact  business  for  the  Society. 

honorary    MEMBERS. 

Sec  3. — Honorary  Members  may  be  as  many  as  the  Society  shall  elect. 
They  shall  have  no  vote,  nor  shall  they  be  eligible  to  hold  office.  They 
shall  have  the  right  to  attend  all  public  meetings  and  to  enjoy  such  other 
privileges  as  the  Society  may  see  fit  to  grant,  excepting,  however,  such 
Honorary  Members  as  may  be  elected  from  active  membership,  when 
they  shall  retain  their  right  to  vote  and  to  hold  office. 

ASSOCIATE    MEMBERS. 

Sec  4. — Any  person  desiring  to  become  associated  with  this  Society, 
who  is  not  eligible  to  active  membership,  may  make  application,  and  if 
said  application  receives  a  favorable  report  from  the  Board  of  Direc- 
tion, it  shall  be  acted  upon  by  the  Society  at  the  next  regular  meeting, 
and  if  said  candidate  shall  receive  a  majority  of  the  votes  cast  he  shall 
be  declared  elected  as  an  Associate  Member.  Associate  Members  shall 
have  no  vote,  nor  shall  they  be  eligible  for  any  office. 
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'  ARTICLE  III. 

OFFICERS  AND  THEIR  DUTIES. 
OFFICERS. 

Section  i. — The  officers  of  this  Society  shall  be,  a  President,  two  Vice 
Presidents,  a  Secretary  and  Treasurer,  an  Assistant  Secretary,  and  four 
Directors. 

ELECTION   OF  OFFICERS. 

Sec.  2. — The  officers,  excepting  the  Assistant  Secretary,  shall  be 
elected  at  the  annual  meeting,  and  shall  hold  their  respective  offices  until 
the  final  adjournment  of  the  meeting  in  which  others  are  elected  and 
qualified  in  their  places. 

PRESIDENT. 

Sec.  3. — The  President  shall  preside  at  all  meetings  when  present. 
He  shall  be  chairman  of  the  Board  of  Direction,  and  of  all  standing 
committees,  and  shall  appoint  all  special  committees,  unless  otherwise 
ordered  by  a  vote  of  the  Society. 

VICE    PRESIDENTS. 

Sec.  4. — In  the  absence  or  inability  of  the  President  to  act,  the  Senior 
Vice  President  present  shall  perform  his  duties. 

SECRETARY. 

Sec.  5. — The  Secretary  shall  attend  all  meetings  of  the  Society,  and  the 
Board  of  Direction,  and  shall  keep  the  minutes  thereof.  He  shall  con- 
duct the  general  correspondence  of  the  Society,  receive  communications 
addressed  thereto,  and  present  the  same  to  the  proper  committees, 
officers,  or  meetings.  He  shall  issue  notices  of  all  meetings,  inform 
committees  of  their  appointment,  and  officers  and  new  members  of 
their  election.  He  shall  notify  all  committees  of  coming  meetings  and 
prepare  the  matters  for  presentation.  He  shall  keep  a  complete  list  of 
all  members,  with  their  addresses  and  dates  of  election.  He  shall  pub- 
lish the  annual  report.  He  shall  perform  such  other  duties  pertaining 
to  his  office  as  may  be  imposed  upon  him  by  the  Society  or  by  the 
Board  of  Direction,  and  shall  receive  a  salary  to  be  fixed  by  the 
Society. 

TREASURER. 

Sec.  6. — The  Treasurer  shall  keep  the  accounts,  collect  all  the  funds 
of  the  Society  and  shall  deposit  the  same  to  the  credit  of  the  Society  in 
such  depository  as  may  be  designated  by  the  Board  of  Direction.  He 
shall  pay  all  bills,  when  approved  by  the  President  or  a  majority  of  the 
Board  of  Direction.  He  shall  keep  book  accounts  of  his  receipts  and 
expenditures,  which  shall  at  all"  times  be  open  to  the  inspection  of  the 
Board.  He  shall  make  a  duly  audited  itemized  report  to  the  annual 
meeting.     He   shall   give  bonds   for  the   faithful  performance   of  his 
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duties,  in  such  amounts  and  with  such  sureties  a^  the  Board  of  Direc- 
tion may  require,  and  he  shall  receive  such  remuneration  as  the  Society 
may  vote  to  him  from  ttme  to  time*  The  Board  of  Dircctioa  shall 
audit  the  Treasurer's  accounts  and  books  annually. 

ASSISTANT   SECRETARY 

Sec  7.— The  Assistant  Secretar>'  shall  be  appointed  annually  by  the 
President,  and  his  duties  shall  be  such  as  would  pertain  to  the  office 
of  executive  secretary, 

BOARD    OF    DTRECTIOX. 

Sec  8. — This  Board  shall  consist  of  the  President,  the  two  Vice  Presi- 
dents,  and  the  four  Directors.  It  shall  have  supervision  and  care  of  alJ 
the  affairs  and  property  of  the  Socier>',  and  shall  conduct  the  same  in 
accordance  with  the  Constitution  and  By-Laws.  The  President  or  one 
of  the  Vice  Presidents  shalJ  preside  at  all  meetings  of  the  Board,  in 
the  order  of  seniority.  In  the  absence  of  all  these  officers,  a  chairman 
pro  tern,  may  be  appointed  for  the  meeting.  The  first  year  after  this 
section  is  adopted,  four  members  shall  be  chosen  at  the  annual  meeting, 
two  shall  be  chosen  for  a  term  of  one  year  and  two  to  serve  two  years. 
At  all  subsequent  annual  meetings  two  members  shall  be  chosen  to 
serve  two  years.  Four  members  shall  constitute  a  quorum  to  trans- 
act business. 


ARTICLE  IV, 


ELECTIONS, 


OFFICERS,  WHEN   EJECTED. 

Section  1. — At  each  annual  meeting  the  Society  shall  elect  by  ballot,  a 
President,  two  Vice  Presidents,  and  a  Secretary  and  Treasurer,  to  serve 
one  year;    also  two  Directors  to  serve  two  years, 

NOMCNATIONS,  HOW  MADE. 

Sec  2.^A  nominating  blank,  containing  a  list  of  officers  to  be  voted 
for,  shall  be  sent  by  the  Secretar\'  to  each  member,  at  least  sixty  (60) 
days  before  the  day  of  the  annual  meeting.  The  nominations  for 
officers  shall  be  returned  to  the  Secretary'  in  an  envelope  endorsed  with 
the  roember*s  signature,  within  twenty-one  (21)  days  from  the  date 
upon  which  the  blanks  were  mailed  to  members,  and  shall  be  delivered 
by  him,  unopened,  to  the  Board  of  Direction  at  a  meeting  to  be  held 
by  them  to  canvass  such  nominations, 

A  member  nominated  for  an  office  by  as  many  as  ten  ( 10)  other  mem- 
bers may  become  a  candidate  for  that  office.  If  a  member  be  nominated 
for  more  than  one  office,  he  shall  l^e  considered  as  having  been  nom- 
inated for  that  office  for  which  he  received  the  most  nominating  ballots. 

If  no  member  receives  ten  (10)  nominating  ballots  for  an  office,  or  if 
for  any  reason  there  should  he  no  candidate  for  an  office,  the  Board  of 
Direction  shall  nominate  at  least  two  candidates  for  that  office. 
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All  nominees  for  office  shall  be  notified  at  once  by  the  Secretary  of 
their  nomination  and,  unless  the  Secretary  receives  a  prompt  declinatioii, 
it  shall  be  assumed  that  they  have  accepted  such  nomination. 

ELECTIONS,  HOW  CONDUCTED. 

Sec.  3. — At  least  twenty-one  (21)  days  before  the  annual  meeting  the 
Secretary  shall  send  each  member  a  ballot,  containing  the  names 
(arranged  alphabetically)  of  the  candidates  for  each  office.  This  shall  be 
accompanied  by  an  envelope  addressed  to  the  Secretary,  with  a  blank 
space  on  the  back  for  the  signature  of  the  member  voting,  also  a  blank 
envelope  carrying  no  mark  for  recognition. 

Each  member  shall  signify  his  choice  of  candidates  on  the  ballot  and 
return  it  to  the  Secretary  in  two  sealed  envelopes;  the  inner  one  to  be 
left  entirely  blank,  and  the  outer  one  endorsed  with  signature  of  sender. 

Ballots  may  be  sent  by  mail  to  the  Secretary  or  handed  to  him  directly. 
The  Secretary  shall  deliver  the  ballots,  unopened,  to  the  tellers  appointed 
by  the  presiding  officer. 

The  polls  will  close  at  eleven  o'clock  in  the  morning  of  the  day  of 
the  regular  annual  business  meeting  of  the  Society. 

members  in  arrears  cannot  vote. 

Sec.  4. — It  shall  be  the  duty  of  the  Treasurer  to  furnish  the  tellers 
with  an  alphabetical  list  of  members  in  arrears  for  dues  for  two  years 
or  more,  and  no  vote  from  a  member  so  in  arrears  shall  be  counted. 
Ballots  received  from  such  members  shall  be  returned  to  them  unopened 
with  a  statement  of  the  reason  for  such  action. 

PLURALITY     elects. 

Sec.  5. — The  candidate  for  each  office  receiving  a  plurality  of  the  votes 
shall  be  declared  elected.  In  case  of  a  tie  vote,  the  meeting  shall  pro- 
ceed to  vote  by  ballot  for  the  candidates  who  are  tied. 

notification. 

Sec.  6. — The  Secretary  shall  officially  notify  in  writing  each  officer  of 
his  election. 

Officers  so  elected  shall  quahfy  and  assume  their  duties  immediately 
after  the  adjournment  of  the  meeting  at  which  they  are  elected,  and  shall 
hold  office  until  their  successors  are  duly  elected  and  quaHfied. 

VACANCIES. 

Sec.  7. — Vacancies  occurring  for  any  cause  in  the  list  of  officers  shall 
be   filled  by  the   Board   of   Direction. 

election  of  members. 

Sec.  8. — Each  application  shall  be  announced  on  the  notices  for  the 
next  meeting  after  it  is  received,  shall  then  be  considered  by  the  Board 
of  Direction,  and,  if  approved,  shall  be  presented  to  the  Society  for 
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ARTICLE  VIL 

DEPRIVATION  OF  MEMBERSHIP. 

• 

Section  i. — Any  member  whose  dues  shall  remain  unpaid  for  two  (2) 
years  shall  be  notified  by  the  Treasurer,  by  sending  by  registered  mail 
a  bill  for  dues  in  arrears,  on  the  face  of  which  bill  shall  be  printed  the 
sections  of  the  Constitution  covering  such  cases.  If  the  dues  are  not 
paid  within  thirty  (30)  days  after  such  notification,  the  matter  shall  be 
presented  to  the  Board  of  Direction,  who  shall  have  power  to  drop  such 
member  from  the  roll 

RESIGNATIONS. 

Sec.  2. — Resignations  must  be  submitted  in  writing  to  the  Secretary, 
and  may  be  accepted  by  the  Board  of  Direction  when  all  indebtedness 
to  the  Society  has  been  discharged. 

Sec.  3. — All  charges  against  any  member  shall  be  investigated  by  the 
Board  of  Direction  before  being  submitted  to  the  Society. 

Any  member  may  be  expelled  for  conduct  which  may  be  deemed 
prejudicial  to  the  Society,  by  a  two-thirds  vote  of  the  Members  present 
at  a  business  meeting;  provided,  that  not  less  than  fifteen  (15)  vote 
for  expulsion,  and  that  such  member  shall  have  had  one  month's  notice 
of  the  charges  preferred  against  him  and  of  the  time  appointed  for 
their  consideration.  All  charges  must  fully  set  forth  the  offense  or 
offenses  alleged,  and  must  be  signed  by  the  members  preferring  them. 
An  attested  copy  must  be  furnished  the  accused,  who  shall  be  entitled  to 
be  present  and  to  be  heard  in  defense,  in  person  or  by  attorney,  at  all 
meetings  at  which  the  charges  are  investigated,  except  during  the  time 
when  a   final  vote  is  being  taken. 

ARTICLE  VIII. 

AMEXUMENTS  TO  THE  CONSTITUTION. 

Section  i. — Proposed  amendments  to  this  Constitution  must  be  pre- 
sented in  writing  at  a  regular  business  meeting  of  the  Society,  and 
signed  by  at  least  three  Members. 

Amendments  so  presented  shall  be  read  at  the  meeting  and  a  copy  filed 
with  the  Secretary  at  the  same  time.  At  the  meeting  when  presented 
the  proposed  amendments  may  be  discussed  and  amended,  but  cannot 
be  adopted. 

Sec  2. — At  any  regular  business  meeting  the  amendments  previously 
proposed,  according  to  Section  i,  may  be  voted  upon  by  letter  ballot. 
These  ballots  shall  be  sent  out  with  the  call  for  the  meeting  and  shall 
have  the  proposed  amendment,  together  with  the  section  of  the  present 
Constitution  covering  the  point  in  question,  printed  upon  the  ballot. 
With  the  ballot  shall  also  be  sent  an  envelope  directed  to  the  Secretary 
and  marked  "Ballot  on  Amendment."  The  Secretary  shall  keep  these 
letters  unopened  and  present  to  the  presiding  officer  all  replies  received 
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Up  to  the  hour  of  closing  the  polls.  Tellers  shall  be  appointed  by  the 
presiding  officer,  who  shall  open  and  count  all  ballots.  The  result 
shall  be  announced  at  the  meeting  by  the  presiding  officer.  Two-thirds 
of  the  ballots  cast  will  be  necessary  for  the  adoption  of  an  amend- 
ment. 

Sec.  3. — The  Board  of  Direction  is  authorized  to  number  the  Articles 
and  Sections  of  the  Constitution  and  By-Laws  to  correspond  with  any 
changes  that  may  be  made. 


BY-LAWS. 


MEETINGS. 


1.  In  addition  to  the  regular  annual  meeting,  as  provided  by  the  Con- 
stitution, the  Society  shall  hold  at  least  one  other  general  meeting,  and 
may  hold  such  other  meetings  to  listen  to  lectures  or  addresses,  or  to 
visit  engineering  works  of  interest,  or  of  a  purely  social  nature,  as  the 
Board  of  Direction  may  decide  to  call. 

GENERAL  ORDER  OF  BUSINESS  AT  ANNUAL  MEETING. 

2.  The  following  general  order  of  business  shall  be  observed  at  annual 
meetings : 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Report  of  Board  of  Direction. 

3.  Report  of  Secretary. 

4.  Report  of  Treasurer. 

5.  Report  of  any  Special  Committees. 

6.  Election  of  new  members. 

7.  Election  of  officers. 

8.  Address  of  President. 

9.  Miscellaneous  business. 

10.  Papers,  lectures,  or  addresses. 

11.  Adjournment. 

BUSINESS    MEETINGS — ORDER. 

3.  The  following  general  order  shall  be  observed  at  Business  Meet- 
ings : 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Miscellaneous  announcements. 

3.  Stated  business. 

4.  Adjournment. 

4.  Contributing  Members  under  the  old  Constitution  shall  become 
Associate  Members  upon  the  adoption  of  the  Revised  Constitution. 

10 
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5.  Actual  personal  transportatioa  expenses  incnrred  bj  the  Sccretar; 
in  attending  meetings  shall  be  paid  from  the  Society  trcastuy,  upon 
approval  of  the  President  or  two  members  of  the  Board  of  Directioii. 

6.  In  the  election  of  Honorary  Members,  a  mianimons  vote  is  neces- 
sary to  elect. 

7.  The  Society  may  at  any  time,  duly  named  for  the  purpose,  enact 
By-Laws  for  the  future  guidance,  consonant  with  the  Constitntion. 
These  By-Laws  may  be  amended  or  repealed  at  any  meeting,  in  the  call 
for  which  meeting  a  copy  of  the  proposed  amendment  or  addition  shall 
have  been  printed  and  sent  to  each  member  with  the  said  notice. 

PAJtUAMEXTASY  RULES. 

8.  In  all  questions  arising  at  any  meeting,  involving  parliamentary 
rules,  not  provided  for  in  these  By-Laws,  Roberts'  Rules  of  Order  shall 
be  the  governing  authority. 


9.  Visitors  may  be  admitted  to  meetings  tmder  such  rales  as  the 
meeting  may  prescribe. 

10.  All  forms,  such  as  blanks  for  application  for  membership,  ballots 
for  officers,  ballots  on  amendments  to  Constitution  or  By-Laws,  and 
other  necessary  blanks  for  the  conduct  of  the  business  of  the  Society, 
sliall  be  prepared  by  the  Secretary  and  approved  by  the  Board  of  Direc- 
tion. 


List  of  Members* 

With  Addresses  and  Dates  of  Ejection. 


Members  are  particularly  requested  to  inform  the  Secretary  at  once 
of  any  change  in  address. 


HONORARY  MEMBERS. 

CHITTENDEN.  PROF.  RUSSELL  H April  20.  1901 

Dean  of  Sheffield  Scientific  School  of  Yale  University,  New  Haven,  Conn. 

CLARK,  EDGAR June,  1887 

Putnam,  Conn. 

CLARK,  JOHN  E April,  1884 

Prof.  Mathematics,  Emeritus,  at  Sheffield  Scientific  School,  Yale  University, 
South  Terrace,  Longmeadow,  Mass. 

FITZGERALD,  DESMOND Jan.  8,  1901 

Consulting  Engineer,  Brookline,  Mass. 

FROST.  GEORGE  H April.  1884 

President  Engineering  News  Publishing  Co.,  New  York. 

FULLER,  WILLIAM  B Feb.   12,  1908 

Consulting   Engineer,    New    York. 

HADLEY,  DR.  ARTHUR  T April  20,  1901 

President  Yale  University,  New  Haven,  Conn. 

HAUPT,  LEWIS   Feb.   12,  1907 

Consulting  Engineer,  Philadelphia,  Pa. 

HAYNES,  EDWARD  C Jan.  14,  1890 

Ware,  Mass. 

PETTEE,  WILLIAM  E Jan.  10,  1899 

Civil  Engineer,  Salisbury,  Conn. 

SEYMOUR,  WILLIAM  O Feb.  9,  1904 

Railroad  Commissioner,  Ridgefield,  Conn. 

SKINNER,  FRANK  W Jan.  9,  1900 

Editorial  Staff  of  the  Engineering  Record,  New  York. 

SCOFIELD,  HORACE  G Feb.  14,  1906 

Civil  Engineer,  Bridgeport,  Conn. 

MEMBERS. 

ALDERSON,  ALGERNON  B ! Jan.  10,  1899 

Town  Engineer,  West  Hartford,  Conn. 

AMRHYN,  GUSTAVE  X Feb.  9.  1904 

Associate  Member,  Department  of  Parks,  New  Haven,  Conn. 

AUGUR,  EDWIN  P April,  1884 

Civil  Engineer  and  Surveyor,  and  City  Surveyor,  Middletown,  Conn. 
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AYRES,  HENRY  W Jan.   13,  1M5 

Hydraulic  Engineer,  Hartford,  Conn. 

AZHDERIAN,  REUBEN  B Feb.    12,   1907 

Civil  Engineer,   Bridgeport,  Conn. 

BACON.  ARTHUR  W Feb.  9.  1904 

Civil   Engineer,   New   Britain,   Conn. 

BANTA.  D.  SCHUYLER  Aug.  23.  1905 

Civil   Engineer,   Hartford,   Conn. 

BARKER.  WILLIAM  H Aug.   10,  1904 

Jenkins  &  Barker,  Hartford,  Conn. 

BARNEY,  SAMUEL  E Jan.  9.   1900 

Prof.  Civil  Engineering  Sheffield  Scientific  School.  Yale  University, 
New  Haven,  Conn. 

BEACH,  CHARLES  EDWARD  Jan.   xo,   1893 

Civil  Engineer,  West  Hartford,  Conn. 

BELDEN,  CLIFFORD  H March  30,   1900 

Civil  Engineer,  Hartford,  Conn. 

BELDEN,  EDGAR  T Jan.  8,   1901 

Warner-Miller  Co.,  New  Haven,  Conn. 

BENNETT,  CHAS.  J Aug.   14,   1906 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.  Co., 
Hartford,  Conn. 

BENNETT,  RAYMOND  F March  30,   1900 

W.  F.  Bennett  &  Son,  Contractors,  Portland,  Maine. 

BIGELOW,    HORATIO     Aug.   14.   1907 

Civil   Engineer,   Norwich,   Conn. 

BISHOP,  GEORGE  H Jan.  13,   1885 

Hydraulic  Engineer,  Middletown,  Conn. 

BISSELL,  CLINTON  T Aug.   10,   1904 

Civil  Engineer,  Brooklyn,  N.  Y. 

BLACK,  WILLIS   J Feb.    13.   1906 

Civil    Kngineer,   N.    V.,   N.   II.   &   H.   R.   R.,   New  Haven,  Conn. 

BLAIR,  CLARENCE  M Aug.   10,   1904 

Civil  Engineer,  New  Haven,  Conn. 

BLAKESLEE,    CLARENXE    Jan.    9,1900 

Civil  Engineer  and  Contractor,  New  Haven,  Conn. 

BLATCHLEY,  WILLIAM  J Aug.  xo.   X904 

Civil   Engineer,   New  Haven,  Conn. 

BLEIM,  DANxEL  WILLIAM    Feb.   12.   1907 

Manager  American  Bridge  Co.,  East  Berlin,  Conn. 

BODFISH,  IIENKV   L Feb.    13.    1906 

Civil    Kn^inccr,   X.   Y.,   X.   H.  &   H.    R.   R.   Co.,  Waterbury.   Conn. 

BRADLEY,  DANIEL  E Jan.  9.   1894 

President  Berlin  Construction  Co.,  Berlin.  Conn. 

BRETT,  THOMAS  C Aug.   xo,   1904 

Secretary  Yale  Safe  &  Iron  Works.  New  Haven.  Conn. 

BREWER,     WILLARD     SEYMOUR     Feb,   12.  X907 

City  Engineer's  Office,   Hartford,  Conn. 

BRINSMADE,   DANIEL  E April  20.  1901 

Secretary  and  Assistant  Engineer  Ousatonic  Water  Co..  Shelton.  Conn. 

BRIXSMADE,  D.   S April,   1884 

Engineer  Housatonic  Water  Power  Co..  Derby.  Conn. 

]?R()WX,  CHARLES   H Aug.  14,   1907 

Civil  Engineer,  Orono,  Maine. 
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BROWN,  CHARLES  O. ...Jan.   tt,  1898 

«  City  £ninneer»  Danbury,  Conn. 

BROWN,  EDMUND Jan.   10.  1890 

Supenntendcnt  and  Engmeer  of  Norfolk  Water  Co.,  Norfolk*  Conn. 

BROWN,  WALTER  A Oct.  u,  190a 

Civil  Engineer  with  J.  D.  Barker,  Sprinefield,  Mass. 

BROVVN,   WALTKK  A Feb.   1  j,   igo« 

Engineering  Dep't.  N.  Y.,  N.  H.  &  H.  R,  R„  Waterbury,  Conn. 

BUCK,  HENRY  R. Jan.   10,   1899 

Civil  Engineer,  Hartford,  Conn. 

BUDDINGTON,  JOHN  E March  30,  1900 

Consulting  Engineer  and  Contractor,  New  Haven,  Conn. 

BUNCE,  CHARLES  H , April,  1884 

Civil  Engjneeri  Hartford,  Conn. 

BURGHARDT.    WALLACE    Feb.    13,  rgofi 

Town   Engineer,  North  Canaant  Conn. 

BURT,   LUTHER    H.^ROLD Aug.    14,  1900 

Bronx   Valley   Sewer  Commission »   White  Plains,   N.   Y. 

BURT,  LUTHER  \\\ .Jan.   ij,  1885 

Civil  Engineer  and  Surveyor.  Hartford,  Conn. 

BUSCHOR,  EMIL  CHARLES Jan.  10,  1899 

Civil    Engineer   and    Surveyor,    Arlington.    N.   J. 

BUSH.   EDWARD  W ...Jan.    10,  1899 

Assistant  Engineer  Conn.  River  Bridge  and  Highway  District, 
Hartford,   Conn. 

BUSHNELL,   \V.   G. ...Feb.    14*  190S 

Associate  Member,  Electrical  Engineer,  New  Haven,  Conn. 

CADWELL,  WILLL\M  H ....May  51,  1893 

Civil  Engineer,  New  Britain,  Conn. 

CAHN.  ALEXANDER Jan.  9,  1900 

Civil  Engineer,  New  Haven,  Conn. 

CAIRNS,  ROBERT  A. Aug.  ^9,  1890 

Sanitary  and   Hydrauiif  Engineer  and  City  Engmeer,  Watcrbury,  Conn. 

CARLISLE,  HARRY  E.  ,.. .,. ...Jan.  9,  1900 

Conduit  Engineer,  S.  N.  £.  Telephone  Co.,  New  Haven,  Conn. 

CARTER.  R.\LPH  B ....Jan.   14.  1890 

Civil  Engineer,  i6  Cortlandt  St,  New  York. 

CAUM,  FR.^K Aug,    14,  1900 

General  Manager  Scranton  Railway  Cov,  Scranton,  Pa. 

CHANDLER,  CH-\RLES  E April,   1884 

Civil  Engineer,  Norwich,  Conn. 

CHAPMAN,  FREDERICK  S Feb.  10,  1903 

Civil  Engineer,  Philippine  Islands. 

CHASE,  CHARLES   F March  30,  1900 

Engineer   Berlin   Constrtietion   Co.,   New   Britain,   Conn. 

CHENEY,  RICHARD  OTIS.  JR Jan.  9.  1900 

Civil  Engineer,  South  Manchester,  Conn. 

CHILD,   JDNATHAX    H Fck   ti,  1908 

Superintendent  of  Water  Works,   Wallingford,   Conn. 

CLARK.  HERBERT  G July   18,  1899 

Engineer  of  Keney  Park,  Hartford,  Conn. 

CLARK,  ROSCOE  N. , .  .July  18,  1899 

Assistant   City    Engineer,    Hartford,   Conn. 
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CLAKK.  VINXENT  B Feb.  9,  1904 

Civil  Engineer,  New  Haven,  Conn.  . 

CLARK,  WILUAM  S Jnly  14,  1890 

Ctril  Engineer,  Meriden,  Conn. 

COE,  THEODORE  I Jan.  9,  1900 

Architect,  xoo  William  St.,  New  York. 

COGGESHALL.  R.  C.  P June,  tSS? 

Superintendent  of   Water  Works,  New   Bedford,  Mass. 

COLE,  CLINTON  L.   Fefc.  9,  1904 

Civil  Engineer,  Conn.  River  Bridge  &  Highway  District,  Hartford,  Conn. 

COLLINS,  HARRY  C July  r8.  1899 

Berlin  Construction  Co.,  Boston,  Mass. 

COMSTOCK,  LEWIS  B Aa«.  10.   1904 

Civil  Engineer,  New  Rochelle.  N.  Y. 

CORSON,  WILLIAM  R.  C Feb.  10,  1903 

Electrical  Engineer,  Hartford,  Conn. 

CRANDALL,  GEORGE  K. Jan.  11,   1887 

City  Engineer,  New  London,  Conn. 

CRAWFORD,  CHARLES  M July  18.   1899 

Chief  Engineer  Northern  Traction  Co.,  Hamilton,  Ohio. 

CRAWFORD,  NORMAN  McDONALD July  18.   1899 

Consulting  Engineer,   Cincinnati,  Ohio. 

CURTIS,  FAYETTE  S Jan.  9,   1900 

Vice  President  N.  Y.,  N.  H.  &  H.  R.  R..  Boston,  Mass. 

CURTISS,    GREY    WILLIS    Feb.  la,   1907 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.  Co.,  New  Haven,  Conn. 

DABOLL,  LOREN  E Jan.  8.    1895 

Civil  Engineer,  New  London,  Conn. 

DARROW,  COURTLAND  R.  Jan.  8,   1895 

Civil  Engineer,  Waterford,  Conn. 

DAVIS,  ARTHUR  L July  x8,   1899 

Assistant  Manager  Eastern  District  and  Export,  American  Bridge  Co., 
:oo  Broadway,  New  York. 

DAWLEY,  EDWIN  P Aug.  14,   1906 

Engineer  of  Construction  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

DEN.MAX,    MATTHIAS    W Feb.   11,    1908 

With    Fred   T.   Ley.   Springfield,   Mass. 

DePEYSTER,  FREDERICK   Sept  3.   1891 

General  Manager  Brainard,  Schaler  &  Hall  Quarry,  Portland,  Conn. 

DEYO,  SOLOMON  LeF Jan.  9,  1900 

Chief   Engineer   New   York   Rapid  Transit   Subway  Construction   Co., 
New  York  City.  N.  Y. 

DUBOIS,  AUGUSTUS  J Jan.  9,   1900 

Prof.  Civil  Engineering  Sheffield  Scientific  School,  Yale  University, 
New  Haven,  Conn. 

DUNCAN,   EDGAR  T Feb.    14.  1905 

Civil  Engineer,  Hartford,  Conn. 

DUNHAM,   WILLIAM   ROBERT,   JR Feb.  la,   1907 

Civil   Engineer,   Consoliflated    Railway   Co.,   New   Haven,   Conn. 
EASTERHROOK,  FREDERICK  J March  30,  1900 

Assistant  Engineer  N.  Y,  N.  H.  &  H.  R.  R.  Co.,  New  Haven,  Conn. 
i:i)I)V.  CHARLES  W Jan.  9,  1900 

.Assistant    Engineer,    Watcrbury    Water    Supply,    Thomaston,    Conn. 
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ELLSWORTH,  FREDERICK  H , , .March  30,  1900 

Division  Engineer,  N,  Y.,  N.  H.  &  H.  R.  R.  Co.,  New  Haven.  Conn. 

EVERIT,  EDW.  H Oct   11,  t^oJ 

Engineer  S.  N.  £.  Telephone  Co.,  New  Haven,  Conn. 

FARNHAM,  CHARLES  S .Feb.  9,  1904 

Instructor  Civil  Engineering  Sheffield  Scientific  School,  Yale  UniYcraity, 
New  Haven,  Conn. 

FERRY,  CHARLES  A. Jan.  9,  t^o 

Civil  Engineer  and  Surveyor,  New  Haven,  Conn^ 

FORD,  FREDERICK  L Jan.   12,  1897 

City  Engineer,  Hartford,  Conn. 

FORD,  THEODORE  B * April  20.   1901 

Civil  Engineer,  Bridgeport,  Conn. 

FULTON,  WILL  H Jan.  8,  1901 

City  Engineer's  Office,  New  Haven,  Conn. 

GAGEL,     EDWARD Jan,  9,  1900 

Chief  Engineer  N.  Y„  N.  H.  &  H.  R.  R.  Co.,  New  Haven,  Conn, 

GILLETTE,  GEORGE  W.  F. Jan.  9.  1^00 

G.  M.  Grant  Co.,  New  Haven,  Conn. 

GLADDING,  HENRY  H ....Jan.  9,  1900 

Assittanc  City  Engineer,   New  Haven,   Conn. 

GOSS.    EDWARD    O. .Nov,    39.  1890 

Assistant  Treasurer  Scovtl  Mfg.  Co.,  Waterbury,   Conn. 

GRAVES,  EDWIN  D. Oct.  25.  189s 

Chief  Engineer  Conn.  River  Bridge  and  Highway  District, 
Hartford,   Conn. 

GREENWOOD,  ALBERT  H. *. Feb.  9.  1904 

With  Berlin  Conitruction  Co.,  Berlin,  Conn. 

GREGORY,  J.  LOUIS  , Aug.   10,  1904 

Civil  Engineer,  Larchmont,  N.  Y. 

HALE,  PERRY  T.  W. ....:..... Feb.    10,  1903 

Superintendent  Middlctown  Water  Works,  Middletown,  Conn. 

HALL.  A  CLARK Jan.  8.  1901 

Hartford  Water  Department,  West  Hartford,  Conn. 

H.\LL,  CHARLES  ERNEST Feb.  12,  1907 

Civil  Engineer,  Coniolidatcd  Railway  Co.,  New  Haven j  Conn. 

HALL.    WILLIA.M    HENRY Feb.  la.  190? 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn, 

HAND,  GEORGE  F Feb.   13.  <90« 

Civil  Engineer,  West  Haven,  Conn, 

HANS,  ALEXANDER  JOSEPH Feb.  12,  1907 

Civil  Engineer,  Locust  Valley,  L.  I. 

HARRISON,   IRVING  WARREN    Feb.  la.  1907 

City  Engineer's  Office,  Waterbury,  Conn. 

HARTE.  CHARLES  R Aug.  10,  1904 

Civil  Engineer.  N.  Y.,  N,  H.  &  H.  R.  R,,  New  Haven,  Conn. 

HASTINGS,  F.  B.,  Associate  Member ..Feb.  10,  1903 

B.  D,  Pierce  Co.,  Bridgeport,  Conn. 

HATCH,   CHARLES Feb.    13.  1906 

Civil  Engineer,  N.  Y,.  N.  H.  &  H.  R.  R.  Co.,  New  Haven,  Conn. 

HAWLEY,  ARTHUR  S. Feb.  11,  1902 

C.  W.  Blakeslce  k  Co.,  New  Haven,  Conn. 

HEITMAN,  ADRIAN  C,  JR Feb,   to,  1903 

Civil   Engineer,   West  Haven,   Conn. 
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HEVDERSO.V,  JOHN-  T J-^-w  rl.  :f99 

A»isuct  Ecf^^neer  Cacr:.  Rrrer  Brv^  aail  Hi«fr«af  rii—    ^  ' 
Hartf.-.rl,  Cctir. 

HILL,  ALBERT  D Jasr.  ^   rjcc 

Cr/:I  aal  Cotuolticf  FngrTeer,  Xew  Hxresi.  Cwrr; 

HIN'E.  FRA.VK  L.   April  ».  i>r:    , 

Gril  Esfinecr,  FLsaer'f  Islasd,  X.  V. 

HOSLEV.  ROBERT  M Aa«.  rj,  :9.:? 

Civ::    En?in-cr,   N.    Y..   \.    H.  A   H.   R.   R.   Co..  Xew  Ha^^m.    Cocr:. 

HOYT.  FRANK  X Joly  ri,  z*99 

Civtl  Efifineer.  L   E-   Mjcr*  Co..  Chacafo.  IH 

HOYT.  SAMt'EL  X,  JR Feh.  9.   :>C4 

Ci^il  Engineer,  Sooth  XorvaHc,  Conn. 

Hf;f>.SO.V,    I>»r;i.S    \3^    :^    r^.-- 

CtviI   Enjfincer,   New   Haven.  C-.nn. 

HCLBERT,   ROBERT    S ApriL   :»4 

Civil   Er.sfinccr,  Winsted,  Conn. 

HULBERT.  TIMOTHY  AXDREW   FebL   la.   19C7 

Enfcineerinif  Department,  American   Brass  Co.,  Waterbarr.  Conn. 

Hr;RLBr;RT.    HI.SMA.V    F! Vn^    r^    i^.-.,- 

Civil    Engineer,    New    Haven,    Conn. 

IXGER-SOLL.  C.  M.,  JR Jan.  S,   1901 

Chief  Engineer,  Department  of  Bridges,  Xew  York,  X.  Y'. 

JACKSOX,  J.  FREDERICK  Jan.  9,   1900 

Assistant    Engineer.    New   Haven,   Conn. 

JAME.SOX,  MINOR  S Pet.  9,   1904 

Assisunt  Engineer,  N.  Y..  N.  H.  &  H.  R  R.  Co..  Xew  Rocbelle.  X.  Y. 

JARVIS,  CHARLES  M April.   1884 

Vice  President  P.  &  F.  Corbin  Co.,  Xew  Britain.  Coon. 

JAYNES,  FRANK  B Feb.   10,   1903 

Civil  Engineer,  Bridjjeport,  Conn. 

jh^.^f   I'.   JOllS    ('.,  )l< Feb.   9.    1904 

(ivil    Knjfintfr,   H.    L.    Wiley   ('o..    Fort   Williams,  Ontario. 

JOHNSON,   GEORGE   R Aug.    14.   1906 

Civil  Engineer,  West  Haven,  Conn. 

JOHNSON,  WILLIAM  D Aug.  14.   1900 

Architect,  Hartford,   Conn. 

JOHNSON,  WILLI.XM  E Xor.  29,  1890 

EnKinccr  of  Hartford  Water  Works,  West  Hartford.  Conn. 

JONES.  WALTER  A Feb.  10,   1903 

Civil   Engineer,   New   Haven,   Conn. 

KEENKY,   KRXKST  A Feb.   14,   1905 

Civil  Engineer,  N.  V.,  N.  H.  &  H.  R.  R.Co.,  Lyme,  Conn. 

KEHR,  HARRY  T Aug.  10.   1904 

Civil    Engineer,   330   W.   4th    St.,   New  York,   N.   Y. 

KKITH,  HKRliERT  C Jan,  9,   1900 

Consulting  Engineer,  W13  Morton  Bldg.,  116  Nassau  St.,  New  York  City. 

KELLOGG,  HENRY  J April,   1884 

First   Assistant   City    Engineer,    New   Haven,   Conn. 

KKLLY,  CASSIUS  W Jan.  9.   1900 

City  Engineer,  New  Haven,  Conn. 

KIRRV.  RICHARD  S March  30.   1900 

Instructor  in  Civil   Engineering,  Sheffield   Scientific  School,  Yale  Univerwty, 
New  Haven,   Conn. 


LIST  OF    MEMBERS. 


^ss 


KOPCZYNSKI,    LEON Feb.  la.  1907 

Civil  Engineer,  New  Haveti,  Conn. 

LAFORGE,  FREDERICK  W. Jan,  13,  18^5 

U.  S.  Engineer,  Fort  Terry.  Plum  Itland,  N»  Y. 

LANE,  JOHN  S Jan.  8,  tgoi 

Jobn  S.  Lane  ft  Sons,  Mcriden,  Conn. 

LANE,  E.  LaROY -  Jan.  8,  1901 

Contractor,  Hingham,  Mass. 

LANWETT,    HENRY    B * Aug.   14.  1907 

Associate  Member.  Watcrbury,  Conn. 

LAW.  WALTER  H .Aug.   10.  1904 

Civil   Engineer,   Fall  River,   Mass. 

LAWTON,  EDWIN  F. March  30.  1900 

Superintendent  Hartford  Elcctnc  Light  Co.,  Hartford,  Conn. 

LEACH.  SMITH  S.   . .' Jan.  8,  1901 

Major  Engineers,  U-   S.  Government,  Washington,  D.  C. 

LEWIS,  ROBERT  P. Oct  34.  1895 

Secretary  Blake  At  Johnson,  Water  bury,  Conn. 

LIBBEY,  JOSEPH  H , ...Feb.  13.  1906 

Assistant  Electrical  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R., 
New  Haven,   Conn. 

UNES,  FRANK   H Aug,   14,   1907 

Civil   Engineer,  New  Haven,  Conn. 

LOCHRIDGE,  ELBERT  E. Aug.  jj,  1905 

Civil  Engineer,  Spring^eld,  Mass. 

LUTHER,  FLAVEL  S.,  JR. Feb.  9.  1904 

President  Trinity  College,  Hartford,  Conn. 

LYNCH,  ALEXANDER  S \ng.  M*  1907 

Civil  Engineer,  West  Haven,  Conn. 

LYON,   C.   T , 1 Feb.  «,  1907 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

MAGfLL,    CLAUDE , Aug,   14,1907 

Civil  Engineer,  New  Haven,  Conn. 

MALONEY,  DENNIS  J April  so,  1901 

Superintendent  of  Buildings,  Board  of  Education,  New  Haven,  Conn* 

MALONEY,   FRANK   A.    , Jan.    9*  1900 

Assistant  City  Engineer,  New  Haven,  Conti. 

MANNING,  GEORGE  E, Jan.    11,  1898 

Civil  Engineer,  Yantic,  Conn. 

MARCHANT,  ORSON  H. Feb.  14.  1905 

Civil  Engineer,  New  Haven,  Conn. 

McKENZlE.  J.  M. April,  1884 

Civil    Engineer   and   Surveyor,    Yalesville,    Conn. 

McKENZIE.  THEODORE  H April,  18S8 

Sanitary  and  Hydraulic  Engineer^  Sourtiington,  Conn. 

McKENZIE,    THOMAS Feb.   12,  1907 

Superintendent  of  Water  Works  and  Town  Engineer,  Westerly,  R.  1. 

Mcknight,  john  t. May  31,  18^1 

City  Engineer,  RockviUe.     Residence,  Ellington,  Conn. 

McLEAN,  GEORGE  H Feb.  9,  1904 

Civil  Engineer,  New  Haven,  Conn. 

MERRELS,  CHARLES  W Jan.  9.  1900 

City  Engineer's  Oflicc,  New  Haven,  Conn« 


154  TWENTV-FOtTtTH    AXXCAL    MEETIXG. 

MINOR*  EDWARD  E.    Fe*.   ^  zfcx 

Ciril  Engineer,  New  Haven,  Conn. 
MINOR,  JUDSON   M Feb.    rj.  zyy6 

Ciril    Engineer,    Rio    Janiero.    Brazil,    S.    A. 

MINOR,  SHELDON  E.   Scpc  as,  r38€ 

Chril  Engineer,  Greenvidi,   Conn. 

MITCHELL,   ROBERT   E.    Jan.  9.  i?oo 

Ciril  Engineer  and  Snnrejor,  Willimantic,  Conn. 

MOORE,  WM.  HARLEY   Jan.   9,  z^cc 

Engineer  of  Bridges,  N.  Y..  N.  H.  ft  H.  R.  R.,  New  Haren,  Comi. 

MORTON,  WALTER  S Auc.    10.  19.34 

iforton   k   Burritt   Engineers,    2   Rector   St.,   New   Yott 

MOSS,  ERNEST  B April  ao.   19.3: 

Ciril  Engineer,  H.  Wales  Lines  Co.,  Meriden,  Conn. 

MLTIPHY,  HAROLD  T Feb.  9,  1904 

Ciril  Engineer,  Springfield,  Masa. 

MURPHY,  JOHN  P July  iS.   x«99 

City    Engineer's   Office,   Hartford,   Conn. 

NASH,  PAUL Jan_  9.    1900 

City  Engineer  and  Sarveyor,  Stamford,  Conn. 

NICHOLS,  CHARLES  H Jan.  8,   1901 

Consalting  Engineer  and  Engineer  of  Shell  Fish  Commisstoa, 
New  Haren,  Conn. 

NOERR,    ROBERT    COLLYER    Febu     la,     1907 

Civil   Engineer,   Berlin   Construction   Co.,  Hartford,  Conn. 

O'CONNOR,  DON,  Associate  Member Feb.  9.    1904 

D.  F.  Keenan,  Hartford,  Conn. 

OLDERSHAW,  FRANCIS  H Jan.  8,   1901 

City  Engineer,  New  Britain,  Conn. 

OLMSTED.  C.  HENRY July     iS,    1S99 

Civil   Engineer  and   Surveyor,   East  Hartford,   Conn. 

OLSEN.    JOHN    Feb.    12.    1907 

Civil    Engineer,    Springfield,    Mass. 

OSBORNE,   FRED   H Jan.   9,    1900 

Civil   Engineer,  Consolidated  R.   R.,  New  Haven,  Conn. 

OWExV,  ELIJAH  H March  30.   1900 

Care  of   V^orce   Engineering  Co.,  Perry-Payne  Bldg.,  Cleveland,   Ohio. 

PALMER,  GEORGE  E March  30.   1900 

Assistant  Engineer  N.  Y.,  N.  H.  &  H.  R.  R.,  West  Haven,  Conn. 

PAL.MER,  SHEPARD   B Jan.   8,   1895 

Civil  Engineer  and  Surveyor,  Norwich,  Conn. 

PALMER.  WILLIAM  B Jan.   13,   1885 

Civil   Engineer  and   Surveyor,  Bridgeport,  Conn. 

PARDEE.  WILLIAM  S.,  Associate  Member Aug.  10,   1904 

Wright  &  Pardee,  New  Haven,  Conn. 

PARKER,  GEORGE  A July  18.  1899 

Superintendent  of  Keney  Park,  Hartford,  Conn. 

P.XRSONS.  HAROLD  A Aug.   14.   1900 

Civil  Engineer,  Stamford,  Conn. 

PATTON,  ARTHUR  J Sept.  la,   1889 

Land  Surveyor,  Waterbury,  Coim. 

PEARSON.   ROBERT   L Aug.  14.  1906 

Civil  Engineer,  Saugatuck,  Conn. 


LIST  OF   MEMBERS.  1 55 

PECK,  ERMON  M Jan.  8,  1895 

Assistant    Engineer   Hartford   Water   Works,   West    Hartford,    Conn. 

PECK,  LEON   F Oct.    11,  1902 

Civil  Engineer,  Greenwich,  Conn. 

PENDLETON,  CLAUDIUS  V Aug.  10.  1904 

Civil  Engineer,  Newark,  N.  J. 

PENFIELD,  GEORGE  W Jan.  8,  1901 

Civil    Engineer,    New    Britain,    Conn. 

PHELPS,  JAMES  W Oct.  11,  1902 

Landscape  Architect,  Bolton,  Conn. 

PIERCE,    BRADFORD   D.,  JR Aug.   23.  1905 

Civil   Engineer,   Bridgeport,   Conn. 

PIERCE,  WILLIAM  B Feb.  9,  1904 

Civil    Engineer,    Stamford,    Conn. 

PIERSON,  STEPHEN  C Jan.  13.  1885 

Civil  Engineer  and  Surveyor,   Meriden,  Conn. 

PIKE,  ROBERT  G Jan.  8,  1901 

Street  Commissioner,  Middletown,  Conn. 

PIKE,  WILLIAM  K Feb.  9.  1904 

Civil  Engineer,  Danielson,  Conn. 

POEHLANDT,    WALTER    Feb.  12,  1907 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.,  Waterbury,  Conn. 

PRESTON,   CHARLES   HENRY,   JR Feb.  12,  1907 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.,  Waterbury,  Conn. 

PUNDERFOlfD,  JOHN  K Jan.  9,  1900 

Gen.   Manager,  Connecticut  Railway  Co.,  New  Haven,  Conn. 

REYNOLDS,  WM.  B Aug.   14.  1900 

Land   Surveyor,   Waterbury,   Conn. 

RICE,  ARTHUR  W April,  1884 

President  Union  Mfg.  Co.,  New  Britain,  Conn. 

RICHARDS.  WALTER  H March  30,  1900 

Engineer  of  Water  and  Sewer  Departments,  New  London,  Conn. 

RIGHTS,  LEWIS  D Aug.  10,  1904 

Civil  Engineer,  45  Broadway,  New  York  City. 

ROBINSON,  HALBERT  G Jan.  11,  1898 

Civil  Engineer  and  Surveyor,  Patten,  Maine. 

ROBINSON,  LEONI  W Feb.   14,  1905 

Architect,  New  Haven,   Conn. 

ROBINSON,  SEYMOUR  N Feb.  9.  1904 

Civil  Engineer,  Hartford,  Conn. 

ROGERS,  CHARLES  EDWIN Feb.  12,  1907 

Prof.  Civil  Engineering,  Trinity  College,  Hartford,  Conn. 

ROLLINS,  ROBERT  W Jan.  9.  1900 

General   Manager  Hartford   Electric   Light   Co.,   Hartford,   Conn.' 

ROOT,    CLIFFORD    ANSON    Feb.  12,  1907 

Civil   Engineer,   Hartford,    Conn. 

RUFF,   JOHN    S Feb.  12,  1907 

Engineering  Department,  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

RYDER,  ELY  M.  T Jan.  9.  1900 

Construction  Engineer  Consolidated  Railway,  New  Haven,  Conn. 

SAGE,  GEORGE  H Jan.  8.  1895 

Vice  President  Berlin  Construction  Co.,  Berlin,  Conn. 

SCHILLING,  ALBERT  H * Aug.  14.  1906 

Berlin  Construction  Co.,  New  Britain,  Conn. 


15^  T-.v£N-r:-r-vr::-:    w.vval  miztix*:;- 

SELI^LiS.  PHIi:? r F-ei.  ^^  :i:u 

SH.i.VOXE5SY.  J AMZi  ?    F-a.  iz_  :v:i 

5H.V.V.   :£ij    H -^TT    ^;.   lies 

SHEir* JX.   ?AVL    Ffia-    i^    i-^cr 

Cirj   Ecjpxeer"§  •I'tacr.   Har:::ri,  Ciaa. 
5II;LZV.    •_■?£. -.RI_£."f    .«■_       ...  F-a.    ::.    .  k* 

5Lt>:v:.E.  -r.-jLlVf  L.    .va*.   -5.   .--,:  = 

.»j*:Ki^t  Zr4i=r-r  Er:ii^-s.  X    V,  X.  E.  A  H.  S.  S..  X«^  Hxr-a.  C^na. 

:?vTr:i.  Firvv  -f.  ^^^^  ^-    . ..  ^ 

Er-y=.--;r:-;f  l*;ir-:=:rct.   X.    V ,   X.   H.   i  H.   2_   IL  Ci,  Z^irtfnirT'.    ilvrtni. 

5i£ITH.    '.VIULLK::    '^ .%irri    :  •a-^ 

'-":-l   £:;;{:=■— r   1=11  Sxrvryor.   '.Varerriary.  »Zjnn. 

SXZLL.  Zl  A'.'jLl   3 F-dt   :  j.    :  sen 

'-"■.-■-l  Zr:4:r.--.-r,  X-t-v  t£av-s.  Ciii2. 
5XZLL,   E-LiRV   Z Jan.    ?.    :  w : 

S*:.EHiZX5.   JT'HX  EL    .^ Aa«.    r  2.    :  j.-^ 

■-"— ;  Z-iiT-e^r.  X.  Y..  X.  n.  i  H.  R.  3..  Xe^  LLnafan,  Conn 

5PZXCER,  V:-3J.IAX  •: Jjn.   a.    :?c: 

S^ ;.■•:= -r-r   1:   "JViiiibiir:!.   <Z\-r'l   EnymrerT.    Eartford.   Camx. 

SPEXJER,  '.V.U.rZaL  T     Jan.    ^    :;.-..- 

:•—>;.:-:  Z-ir=-:t:r.  X.  Y.,  X.  H.  A  H.  2L  R..  Xew  Haren,  Conn. 

f  PE3LaY.   A-   VVni:  a:^I    Jan.    >.    :  ^.1 

.."•*.   z.r.i-r.r'zr  ir.ti   S-irv-vr.    X'i'ir   Havisi,  Conxx. 

^?Z5-RV.   :{.»Jt71ZV  ".■  F-b.    J.    : ;.:. 

•. --.;!ir;    .''£.'T:-.cr     -f" :■.  rr   Zeach,   Cinn. 

frZAUVf.   Zi:.:z:i     V  .     ^ .3c:^    :r,    :.jo^ 

_".v-:    in,5'rr:r;r.    Brriin.    Cjoii- 

:  -■'.   1.-.£-r.KtT .   y    V.  X    II.  Jt  IL  R.  R..  Cis  Cob.  X.  Y. 

STZRli:::.  'z^\-l.     .  -Tct.  ::.    :  w^ 

.'.■•"    I-.JT-.  —  '     ".'■      .  .    V     't     i    FT.    R.    R-    t_"...,    y,-.»   Havfm.    C.jnn. 

Sr^'Il-AlvI-     :?\V:i:'>:Z    JTJZX-JH   Jaa.    ■?.    rjo-: 

jf-«::-r'    •".-:,'- Terr-.    >'..'   ^    t-  ini  "'•  trirr-*:   lirrdnc.   Foil  River.   \tad&. 

iT.XZ.  Ll"^  >3.^    :.i J:iiy  :i.    :  i^^ 

.".vl   Zr.»f:nr:trr   ir.-i   f  •ir-.e:' jr.   Hartfoni.  Conn. 

:jr:-R'.'    ;?._-.:  "i.  Feb.   rj.    :3.:o 

•'.    ■•'.   Z;:ir"<:-ir.   X.   V  .   X.   H.  i  H.  R.   R-.  Xew  Haven,  Conn. 

ir'.-JiAS.    IT.\R.it'.'     V".  Aug-    ::j.    lj.jz 

■I!"!    Z::iy:nder.    ilerriien.    Cunn. 

■r'_  111"  .V?".    .'■IH"'     ?r Aag.   u,    :  j.j4. 

•     Zr.irnt:-rr.    '■'     V.   ?•'.    H.   i  H.    3.    R..   Xew  HaTcn.  Coxm. 

:a".  Z;v.  ZZVV  l Feb.   ij,    Mcc 

-:-    -^:-:   :^r..     yibar:;-.    \.    Y. 

r.v".  l.V.   LVlLAX   a.   _ jTxne.    :5«' 

■_'  ■-'.    -r.z--.r':r  ar.-i  L'.ntract.T.  Boston.  Maaa. 

'- .  \ '.  1  . 1? .     ■-  I  111  A.  ■  t    1"       Feb.    J,    :  ao^ 

■.':'--•    Enn:nt."jr.  tLirtfori,  Cunn. 


LIST  OF   MEMBERS.  157 

TERRY,  ALFRED  H ^ Feb.   11,  1900 

DiTision  Engineer.  N.  Y.,  N.  H.  &  H.  R*  R..  New  Haven,  Conn. 

THOMAS,  JAMES  B , Jan.  9.  igoo 

Civil  Engioeer  and  Surveyor^  Hartford,  Conn. 

TONER,  JAMES  A Aug.  33.  1905 

City  Engineer's  Office,  Meriden,  Conn. 

TRACY,  JOHN  C Jan.  9.  1900 

Assistant    Professor   of    Structural   Engineering:,    Yale    University, 
New  Haven,  Conn. 

TRUESDELL,  WALTER  E June  it,  iM 

Civil  Engineer,  160  Sth  Ave.,   New  York,  N,  Y. 

TRUMBULL,  JOHN   F...... , Aug.  10.   1904 

Civil  Engineer.  N.  Y.,  N  H.  &  H,  R.  R„  New  Haven,  Conn. 

TURNER.  ALBERT  M .Aug.  10,  1905 

Civil  Engineer,  Canaan  White  Lime  Co.,  Canaan,  Conn. 

UNKELBACH,  MAX  J,  . , . . .Jan.  9,  1900 

Architect  and  Civil  Engineer,  New  Britain,  Conn. 

VERRILL,  GEORGE  E Feb.    ti,  1901 

U.  S.  Assistant  Engineer.  New  Haven,  Conn. 

VORCE,  CLARENCE  B Jan.  10.  18^9 

John  F.  Kelly  Engineering  Co.,  New  York  City. 

WADHAMS,  JOSEPH  P ...Feb.  9,  1904 

Civil  Engineer,  New  Haven,  Conn. 

WADSWORTH,  A.  R. Oct  *?,  iB«6 

Civil  Engineer  and  Surveyor,  Farmington^  Conn. 

WARDWELL,  FREDERICK  S. .Feb.  9,  1904 

Civil   Engineer,   Stamford,   Conn. 

WASHBURN,  ALBERT  L Jan.    10,  1899 

City  Engineer's  Office,  Hartford.  Conn. 

WATERMAN,    CHARLES    R Feb,  11,  1908 

Civil   Engineer,  Bristol*  Conn. 

WEAVER,  HALSEY  A. Jan.    12,1897 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven,  Conn. 

WEBSTER.    E.    C Feb.  n,  f 9«8 

Civil   Engineer,   New   Haven.   Conn. 

WELTON,  NELSON  J April,  1884 

Civil  and  Hydraulic  Engineer,  Watcrbury,  Conn. 

WILLIAMS.  PHILIP  K ....Aug.  14,  1906 

Assistant  Superintendent  J.  B.  Williaios  Co.,  Glastonbury,  Conn. 

WHEELER,   CHAS.   A *.. Jan.  8,  1901 

Prof,  of  Mathematics,  Conn.  Agricultural  College,  Storr*,  Conn. 

\VHITE.  HOWARD  E .Feb.  9.  J904 

New  Haven  Gas  Light  Co.,  New  Haven,  Conn. 

WHITNEY,  ELI  . ' March  30.   t9oo 

President   New   Haven   Water   Co.,   New   Haven,   Conn. 

WHITON,  FRANK  W Feb.  14,  1905 

Associate  Member.     Architect,  Hartford,  Conn. 

WIGGIN,  ERNEST  W Mardi  jo.  1900 

Engineering   r»et>artmcnt,   N.   Y,,  N.   H.  &    H.   R.   R.,    New  Haven,   Conn. 

WILCOX,  RALPH  M * Jan.  8,  1901 

Civil  Engineer,  Middletown,  Conn. 

WILKES.  J.    K April.  1884 

City  Engineer,  New  Rochcllc,  New  York. 

WOLCOTT,  HENRY  A .July  18,  1899 

Mechanical  and  Civil  Engineer,  Hartford,  Conn. 

WOOD.  CHAS.  N Aug.  14.  1900 

Civil  Engineer,  Norwalk,  Conn. 


ALPHABETICAL  LIST  OF  ADVERTISERS 


Name  Business  Pafi^e 

Aetna  Life  Insurance  Co.,  The Insurance 37 

Alpha  Portland  Cement  Co Cement 2 

Alsen  Portland  Cement  Co Cement ^ 4 

American  Pipe  Manufacturing  Co.,  The Cast  Iron  Pipe  and  Contractors 3 

Atlas  Portland  Cement  Co.,  The    Cement 6 

Half  Co.,  The  Edward Teaming  and  Contracting 45 

Keattie  John,  The  Est.  of Granite 43 

Ben  venue  Granite  Co Granite 23 

Berger,  C  L.  &  Sons Engineering  Instruments 3S 

BerUn  Construction  Co Steel  Structures Cback  cover) 

Blakeslee,  C.  W.  A  Sons  Contractors 33 

Brodie  Co.,  William  H Steel  Rolling  Doors,  etc 7 

Buffalo  Steam  Roller  Co Road  Rollers,  etc 8 

Chicaifo  Bridge  &  Iron  Works Bridges  and  Tanks 31 

Coldwell- Wilcox  Co Valves  and  Machinery ad 

Conard,  William  R Inspecting  Bureau 38 

Connecticut  Trap  Rock  Quarries,  The Trap  Rock 17 

Consolidated  Rosendale  Cement  Co.,  The Rosendale  Cement (inside  front  cover) 

Detroit  Graphite  Co Paint 46 

Dixon  Crucible  Co.,  The  Joseph Paint 10 

Eddy,  George  M.  &  Co Tapes 13 

Edson  Manufacturing  Co Pumps u 

Engineering  News,  The Magazine 5 

Engineering  Record.  The Magazine aa 

General  Fireproofing  Co.,  The Reinforcing  steel,  etc 14 

Grant,  C.  L Borings 36 

Gurley,  W.  &  L.  E.  Co.,  The Engineering  Instruments  (inside  back  cover) 

Hammond,  E.  D Artesian  Wells  and  Borings aj 

Harrington,  Robinson  &  Co Rails 44 

Hartford  Paving  &  Conflruction  Co..  The Pavement  and  Concrete 15 

Hassam  Paving  Co.,  The  Connecticut Pavements 30 

Hendricks  Co.,  S.  E Commercial  Register 16 

Hering,  Kudolf,  and  Fuller,  Geo.  W Hydraulic  and  Suiitary  Engineers 17 

Hunt  &  Co  ,  Robert  W Inspecting 47 

Hydrex  Felt  Ac  Engineering  Co..  The Waterproofing 9 

Keenan,  D.  F Crushed  Stone iq 

Keith.  Herbert  C Consulting  Engineer 38 

Kcufifel  &  Fsser  Co Engineering  Instruments,  etc 34 

Kolesch  &  (  0 Enjf ineering  Instruments 4a 

Lines  Co.,  The  H .  Wales Sewer  Pipe,  Stone  and  Cement 20 

Lorain  Steel  Co.,  The Rails 24 

Lufkin  Rule  (.■o,.  The Tapes  and  Rules 17 

McKenna,  Dr.  Charles  F Inspecting 4J 

National  .Meter  ('o..  The Meters n 

National  Paint  Works Paint 5 

New  York  Brick  &  Paving  Co.,  The Vitrified  Paving  Bnck 25 

Norcross  Bros.  Co.,  The Contractors 41 

Ousatonic  Water  Power  Co.,  The Water  Power 43 

Pacific  Flush  Tank  Co Miller  Automatic  Siphon., 39 

Putnam,  H.  E Blue  Stone,  etc 47 

Rail  Joint  Co..  The Rail  Joints ;. . .  27 

Scherzer  Rolling  Lift  Bridge  Co  ,  The Lift  Bridges 29 

Scott  Co..  The  T.  A Marine  Construction,  etc 33 

Sessions  Foundry  Co.,  The Sewer  Castings,  etc 26 

Soltmann.  K.  (i. Drawing  Materials 45 

St.  Marys  Sewer  Pipe  Co Vitrified  Sewer  Pipe 40 

Moddard- Brown  Co.,  The Engraving 45 

Trinity  College Education    38 

Tuttle.  Morehouse  &  Taylor  Co.,  The Printers  and  Publisliers is 

Cnited  Huildinjj  .Material  C?o ('ement   18 

U.  S.  Wood  Preserving  Co Pavements 36 

WarncT-Millcr  Co.,  The Cement,  Blue  Stone,  Sewer  Pipe,  etc 35 

Warren  Brothers  Co Bitulithic  Pavement    48 

Warren  Foundry  &  Machine  Co..  The Cast  Iron  Pipe 13 


CLASSIFIED  LIST  OF  ADVERTISERS 


BLUE  PRINTS, 

E.  G.SoUnmna,  New  York,  N.  V, *,,.... ,» 45 

Keu£fel  &  Esser  Co.,  New  York,  N.  Y. * -  *  34 

BORINGS. 

C.  L.  Graou  H^lford,  Conn, ,..,,., a6 

E.  D.  Hafiifnand,  Harlford,  Conn * **.....* m 

BRICK 

The  New  York  Brick  and  Paving  Co.,  Syrmcuse,  N.  Y .......*..  aj 

The  Wariner-MiUer  COk,  New  Haven,  Conn.,. .« *►...,. , .,,...  35 

BRIDGF.S. 

Ilerlln  ConstrucUon  Co. »  Berlin,  Conn ...,.,..,..*..........*.*.  .(back  cover> 

TheSdicr^er  Rolling  Uft  Bridge  Co.»  Chicmgo,  III ag 

ChicagiJ  Briitife  and  Iron  Wurks. ,.....* 31 

CAST  IKON  PIPE. 

Tbe  AmcricBii  Pipe  MaDufjictunag^  Co.,  PhilAdelphta.  Ptt. 3 

Warren  Foundry  and  Mftchioe  Co.,  Phillipshurg,  N,  J. ,♦.,..  13 

CBMENT. 

The  Alias  Poi Hand  Cement  Co..  New  York,  N.  Y , 6 

Alphas  Portland  Cement:  Co.,  Boston,  Mass 9 

Alscn  Porlland  Cement  Co.,  New  York.  N.  V ,,, ,♦., ,,..  4 

Consoiidaied  Rosenduk  Cement  Co.,  New  York.  N.  ¥...,«. »Onilde  front  cover) 

The  Warnt-r-Miller  Co.,  New  Haven,  Conn ,* ,..  35 

Tbe  H.  Wales  Lines  Co.,  Meriden,  Conn.. ....... ...., ...........,.,.<,•«•.•  ao 

United  Hiiilding  Material  Co.,  New  York  and  Boston. *♦, .,,...  tB 

CONCRETE. 

The  Hartford  Paving  and  Constnictkm  Co,,  Hartford,  Conn.... ,.  15 

CONSULTING  ENGINEERS. 

Herbert  C.  Kchh.  New  York,  N.  Y „*..„*.. , jA 

Henng^A  FuHer.  New  York,  N.  Y .,.**...*.««. 17 

CONTRACTORS. 

The  Harlford  Paving  and  Constniction  Co..  Hartford^  Cono. 15 

C.  W.  Blake  sice  41%:  Sons,  Nfw  Haven,  Conn -... 33 

The  American  Pipe  Manufacturing  Co.,  Philadelphia,  Pa. 3 

TheEdwiird  Balf  Co„  Hartford,  Conn ..,....,. 45 

The  H.  Wales  Lines  Co. ,  Meriden,  Conn , ao 

The  Norcros*  Bros.  Co.,  Worcester,  Mass. 41 

CRUSHED  STONE. 

Connecticut  Trap- Rock  Quarries,  New  Haven,  Coun.. ,17 

D.  F.  Keenun,  Hartford,  Conn ........* ...,*,,,.....  19 

C,  W.  Blakeslee  &  Sons,  New  Haven,  Conn ,. 33 

DRAWING  MATERIALS. 

W.  ^  L.  E-Gurkv.Troy,  N.  Y. ..(Iniide  back  cover) 

Keuffel&  E«er,  .Vcw  York,  S.  Y. ,,.. 34 

E.  G.  SoUniann.  New  York,  N,  Y..., 45 

EDUCATION. 

Trinity  College,  Hartford,  Conn. .,,,... , 38 

ENGINEERS'  AND  SURVEYORS*  INSTRUMENTS. 

C  L.  Bcrgcr  A  Sons,  Boston,  Mass , 38 

George  M,  Edd v  A:  Co.,  Brooklyn,  N,  Y , . .  13 

W,  &  L.  E.  Gufley,  Trov,  N.  Y.'.... .....(laside  back  cover) 

Keuf!el&E?i*crCo.,  New  York,  N.  Y 34 

Kolesch  A  Co.,  New  York,  N.  Y. 43 

The  Lufkin  Rule  Co..  Saginaw,  Mich. ,... , 17 

ENGINEERING  MAGAZINE*;. 

The  F.npioeerinif  News,  New  York,  N.  Y. , 5 

The  Eugincering  Record,  New  York,  N,  ¥,... .., ♦ aa 

ENGRAVING. 

The  Stoddard-Brown  Co.,  New  Haven,  Conn..,. 45 

EXPANDED  METAL. 

The  Warner-Miller  Co.,  New  Haven,  Conn . , 35 

FIREPROOFING, 

William  H.  BrodicCo.,  New  York.  N.  Y ....  7 

The  Gtjneral  Fi reproofing  Co.,  Yaungstown,  O , ,,.,,  14 

FLUSH  TANK. 

Pacilic  Flush  Tank  Co.,  Chicago,  III..... ^ 

INSPECTING. 

Dr.  Charles  F.  McKenna,  New  York,  N.  Y 44 

WUliara  R.  Conard,  Burlington.  N.  J.    .*.,... . 38 

Robert  W.  Huot&Co.,  New  York,  N.  Y 47 


INSURANCE. 

The  ^tna  Life  Insurance  Co.,  Hartford,  Conn 37 

IRON,  STEEL,  ETC. 

Berlin  Construction  Company,  Berlin,  Conn (back  cover) 

The  General  Fireproofingr  Co.,  Youngstown.  0 14 

Chicago  Bridge  and  Iron  works,  Chicago,  111 31 

MARINE  CONSTRUCTION. 

The  T.  A.  Scott  Co.,  New  London,  Conn 32 

METERS. 

The  National  Meter  Co.,  New  York,  N.  Y xi 

PAINT. 

Detroit  Graphite  Manufacturing  Co..  Boston,  Mass 46 


1° 

Ni 


oseph  Dixon  Cjrucible  Co.,  Jersey  City,  N.  J. 


sf ational  Paint  Works,  Williamsport,  Pa 5 

PAVEMENTS. 

The  Hartford  Paving  and  Construction  Co.,  Hartford,  Conn 15 

The  Connecticut  Hassam  Paving  Co.,  New  Haven,  Conn yj 

The  New  York  Brick  and  Paving  Co.,  Syracuse,  N.  Y 25 

U.  S.  Wood  Preserving  Co.,  New  York,  N.  Y 36 

Warren  Bros.  Co.,  Boston,  Mass 48 

PRINTERS 

The  Tiittle,  Morehouse  &  Taylor  Co.,  New  Haven,  Conn n 

PUBLISHERS. 

S.  E.  Hendricks  Co.,  New  York,  N.  Y 16 

The  Engineering  News,  New  York,  N.  Y 5 

The  Engineering  Record,  New  York,  N.  Y aj 

PUMPS. 

Edson  Manufacturing  Co.,  Boston,  Mass 12 

RAILS. 

Harrington,  Robinson  &  Co.,  Boston,  Mass 44 

The  Lorain  Steel  Co.,  Johnstown,  Pa 24 

RAIL  JOINTS. 

The  Rail  Joint  Co.,  New  York,  N.  Y ,7 

ROAD  ROLLERS. 

Bufifalo  Steam  Roller  Co.,  Buffalo,  N,  Y S 

SANITARY  ENGINEERS. 

Rudolph  Hering  and  George  W.  Fuller,  New  York,  N.  Y 17 

SEWER  CASTINGS. 

The  Sessions  Foundry  Co.,  Bristol,  Conn 26 

SEWER  PIPE. 

St.  Marys  Sewer  Pipe  Co.,  St.  Marys,  Pa 40 

The  H.  Wales  Lines  Co.,  Meriden,  Conn ao 

The  Warner-M  iller  Co, ,  New  Haven,  Conn 35 

STEEL  ROLLING  DOORS. 

William  H.  Brodie  Co.,  New  York,  N.  Y 7 

STONE 

Benvenue  Granite  Co.,  New  York,  N.  Y 33 

The  Estate  of  John  Healtie,  Leete  Island,  Conn 43 

Connecticut  Trap-Rock  Ouarries,  New  Haven,  Conn 17 

C.  W.  Blakeslee  &  Sons,  New  Haven,  Conn 33 

The  Warner-Miller  Co.,  New  Haven,  Conn 35 

D.  F.  Keenan,  Hartford,  Conn 19 

The  Norcross  Bros.  Co. ,  Worcester,  Mass 41 

The  H.  Wales  Lines  Co.,  Meriden,  Conn ao 

H.  E.  Putnam,  Hartford,  Conn 47 

TANKS. 

Chicago  Bridge  &  Iron  Works,  Chicago,  111 3x 

TAPES. 

C.  L.  Berger  Sc  Sons.  Boston,  Mass 38 

George  M.  Eddy  &  Co.,  Brooklyn,  N.  Y 13 

W.  &  L.  E.  Gurlej',  Troy,  N.  Y  .   (inside  back  cover) 

Keuflfel  &  Esser  Co.,  New  York,  N.  Y 34 

Kolesch  &  Co.,  New  York,  N.  Y 4a 

E.  G.  Soltmann,  New  York,  N.  V 45 

The  Lufkin  Rule  Co.,  Saginaw,  Mich 17 

VALVES  AND  HYDRANTS. 

Coldwell- Wilcox  Co.,  Newburgh,  N.  V 28 

WATER  POWER. 

The  Ousatonic  Water  Power  Co.,  Derby,  Conn,     4a 

W.\TERPROOKING. 

The  Hydrex  Felt  &  Engineering  Co.,  New  York,  N.  Y 9 

WELl^. 

E.  D.  Hammond,  Hartford,  Conn 23 


^T^HE^E    Proceedings  reach  some   2500  engineers  and  con- 
tractors throughout  the  country.    No  like  publication  that 
we  know  of  provides  the  same  amount  of  advertising  for  so 
small  an  expenditure. 

For  rates  and  space,  address 

J.  FREDERICK  JACKSON, 

Secretary,  New  Haven,  Conn. 


DO  NOT  FORGET  OUR  ADVERTISERS 


THEY  ARE  ALL  FIRST  CLASS  AND  RELIABLE 


PATRONIZE  THOSE  WHO  PATRONIZE  US 


Please   Mention  this  Publication  in  Addressing  Them 


Portland  Cement 


THE     RECOGNIZED 

STANDARD 
AMERICAN     BRAND 
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Alpha  Portland  Cement  Co. 

NEW  ENGLAND  DEPARTHENT 

521  and  522  Board  of  Trade  Building 
BOSTON,  MASS. 
F.  tf,  KINNEY,  Manager 


Joseph  S.  Kren,  Jr. 
President  and  General  Manager 

GEOR(iE  M.  BrSTINO 

Vice  President  and  Treasurer 


H.  Bayard  IIoikse 
Secretary  and  Asst.  Treasurer 

Wm.  H.  Roth 
Assistant  Secretary 


The  American 


Pipe  Manufacturing  Company 


Engineers  and  Contractors  for  Water  Works 


No.  112  NORTH  BROAD  ST. 


PHILADELPHIA 


J.  W.  LEDorx,  M.  AM.  SOC.  C.  E. 
Chief  Engineer 


JAME8  H.  Dawes 
Supt.  of  Construction 


Harold  Perot  Keen 
Supt.  Operating  Dept. 


NATIONAL  PAINT  WORKS 

EstahlJshed  1876 

WILLIAMSPORT,   PA. 

Railroad  and  Technical  Paints 

Specialists  in 
Paints  for  Metal  Surfaces 


Send  to  our  Main  Sales  Office »  at  100  Wiliiaiii  Street.  New  York  Ctty. 
for  a  free  copy  of  the  Seventh  Edlllon  of  the  Review  of  Technical 
Paints  for  Metal. 


SOME  IDEA  OF  THE  VALUE  OF 

PROPOSAL  ADVERTISING 

IN 

ENGINEERING    NEWS 

MAY  BE  GAINED   FROM  THE 
FACT  THAT  DURING  1907  THERE  APPEARED  IN 

ENGINEERING    NEWS 

OVER    87.000    LINES  OF  NOTICES  OF 
CONTRACT  LETTINGS 

WRITE   FOR   FURTHER   INFORMATION 

THE  ENGINEERING  NEWS  PUBUSHING  CO. 

220  BROADWAY  NEW  YORK,  N.  Y. 


** Atlas'^  Portland  Cement  is  manufactured  from 
the  finest  raw  materials,  under  expert  supervision 
in  every  department  of  the  works,  and  is  specified 
by  leading  engineers  in  the  United  States, 


THE  ATLAS  PORTLAND  CEMENT  CO. 

30  Broad  Street,  New  York  City 


Send  for  our  books  on  concrete  construction 
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Aiao  widmijr  u»md  in  FaetorUa,    WarmhottB*t,  Pimr  Shmda,   fioutmr  Flanim,  Dry  KiinB, 
Round  HoammB,   Eimvator  Opening*,  tttc 

b  iJENFkAL    EA^TKKN    A<.KNT?i  : 

^     WILLIAM  H.  BRODIE  COMPANY 

e  for  Catalogue  45  Vc»ey  Sl.  New  York  Gty 


HE  class  of  paint  to  specify  and  to  use 
for  the  proper  preservation  of  struc- 
tural steel  work  has  for  years  engaged 
the    careful   thought    and    investiga- 
tion    of    engineers    and    architects. 
The  majority  of  engineers  and  archi- 
tects   throughout    the    world     have    for     years 
specified    and  insisted    upon    the  proper  use    of 
Dixon's    Silica-Graphite    Paint.       "  Standard     of 
quality"    has    been    the    policy    of    the    Joseph 
Dixon   Crucible  Company  for  eighty-one   years, 
and  Dixon's    Silica-Graphite    Paint,   the    proven 
shield    for    steel    work,    has   won    an    important 
place  in  engineers'  and  architects'  specifications, 
as  the  standard  protective  coating,  on  its  records, 
as   the    paint    made    in    but    the     one     quality. 
Send   for  illustrations   of   structural   steel    work 
and  paint  literature. 


Joseph  Dixon  Crucible  Co. 

JERSEY  CITY 


New  England  Office,  101  Tremont  Street 

BOSTON 


£dSOII  Diaphragm  Ptlinpi  are  used  all  over  the  world  for  raising 
large  quantities  of  water  full  of  gravely  sewage,  etc.,  by  hand  power. 

Th«  Trtncll  Pomps  are  in  use  by  fully  twenty-five  per  cent,  of 
the  railroads  rind  water  works  in  the  United  States,  and  by  a  large 
proponioa  of  the  excavating  contractors.  This  is  an  open  discharge 
pump,  made  in  three  sizes. 

The  Lift  and  Farce  PumpS^  also  made  in  three  siies^  used  by 
prospectors  and  miners,  for  deep  trench  work,  odorless  excavating, 
pile  sinking,  and  for  forcing  cement  into  quicksands*  are  well 
worthy  of  your  consideration. 

Edson  Pumps  are  portable  and  non-chokable,  pumping  anything 
liquid  enough  to  flow. 

Send  for  booklets  telling  what  they  have  done  for  others. 


EDSON  MANUFACTURING  CO. 

250  Atlantic  Avenue,        -        Boston,  Mass. 

ESTABLISHED  1859 


E«t«bii.]iftii  1891     350^000  Names  and  Addresses     *>"''  '-^o**  ^«« 
Issuecl  Annuatly  Over  25,000  ClmssificatlMUij 

THE  SEVENTEENTH  ANNUAL  EDITION  OF 

Hendricks'  Commercial  Register 

OF  THE  UNITED  STATES 


For  BUYERS  and  Sellers 

Will  be  Ready  July  15,  ld08 


Devoted  to  the  Architectural,  Electrical,  Engineering*  Iron 

and  Steel,  Mechanical,  Railroad,  and  kindred 

industries  of  the  United  States 

This  book  is  the  most  complete  work  of  iis  kind  ever  issued.  It  includes  all 
Professions  and  Trades  intcrestfrd  dhectly  or  indirectly  in  the  Mechanical,  Elec- 
trical, Architectural,  Engineering.  Con siruction,  Railroad,  Iron,  Steel , Machinery, 
Mill,  Mining,  and  kindred  trades. 

In  the  lines  we  cover,  every  firm  appears  under  its  proper  classificatioas* 
regardless  of  patronage. 

It  is  invaluable  lo  ibe  Buyer  or  Seller*  the  Architect,  Engineer.  Contracior. 
Purchasing  Agent,  Manufacturer,  Mine,  Mill  man.  Quarryman,  Machine  Shap« 
Boiler  Shop,  Rolling  Mill,  Foundry.  Railroad,  Electric  Power  and  Ligbtiog, 
Plantation,  Sbip  Builder.  Lumber  Manufacturer  or  Dealer,  Hardware  Dealer, 
Planing  Mill,  and  to  every  departnieni  of  Municipal,  State  and  National  Govern- 
ment.  There  is  not  a  Material,  Specially,  Apparatus,  or  any  kind  of  Machinery 
used  in  these  vast  industries  under  which  the  name  and  address  of  the  Manu^ 
facturcr  does  not  appear  properly  classified.  In  fact,  the  work  gives  the  name 
and  address  of  the  tnanufacturers  of  everything  made  from  Iron,  Steel,  Brass. 
Bronze,  Aluminum,  Clay.  Stone,  Marble,  Granite.  Slate,  Wood»  Fiber,  Aspbah, 
Asbestos,  etc.  In  short,  it  enumerates  every  Finished  Product  manufactufed 
from  the  above-named  maicrials,  not  omitting  the  Professions  that  Specify,  die 
Dealer  who  handles*  the  Manufacturers  and  Contractors  who  are  constxmcrts. 
This  gives  you  in  a  nutshell  the  contents  of  our  Commercial  Register.  It  is 
bound  In  cloth  and  will  be  forwarded  lo  any  part  of  the  countr>%  ex pressage pre- 
paid, on  receipt  of 

PRICE,  SIO.OO 


S.  E.  HENDRICKS  COMPANY,  Publishers 

74  LAFAYETTE,  CORNER  FRANKLIN  STREET,  NEW  YORK 
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Qiant  Portland  and 
Union  Rosendale  Cements 


Manufactured  by  American  Cement  Co.  of  Pennsylvania 


I 

I 


Important  Work  on  Which  these  Brands  were  Used 


New  York  Ccntr<il  dt  Hudson  River  Road. 
New  Vofk,  New  Haven  A  Hurtfon!  R.  R. 

Peniisylvmnia    Svstern    &Drl    Weehawken    Hi. 

M«nh4tun  Sh«fU.  together  wllb  North 

and   East  River  Tuanels,  now  under 

confltructian. 
Hudiott  Co.'ft  five  tunnels  under  Nortli  River 
Atlantic  Avenue    Improvements^    Brooklyn, 

N.  Y. 


BriEbtoa     Beach     Railroad 
Brooklyn,  N,  Y. 


Improvements, 


New  Croton  Dam  aod  Aqueduct. 
United  Gas  and  Coke  Co.,  Everett,  M»«*- 
Buston  Transit  Comml^OQ,  Bostoa,  Maxs, 
Wachusetts  Dam,  Clinton,  Ma^. 
Jeroine  t*(irk  Reservoir*  New  York  Citjr. 
Hall  of  Records,  New  York  Ctty. 
Tfoop  C,  Arrtiorf ,  Brooklyn,  N.  V. 
CroKx  River  Dam,  Kuloimh,  N.  V. 


Re'Inforced  Concrete  BuUdings 


Automobile  Co.  of  America,  New  York  City, 

7  Sity.  GiiraKe. 
Packard  Motor  Companv,  New  York  City,  G 

sty*  Garage, 
Hodgman  Rubber  Co,,  Tutkahoe,  N,  V.,  5 

sly.  Kactorv. 
NcNulty  Company,  New  York  City,  jo  sty. 

Warehouse. 
Bowling  Green  Storage  Co,,  New  York  City, 

7  sty    Warehowm;. 
\Yood  Worsted  Miills,  Lawrence » Masfl!.,  7  sly- 

Warehnuse, 


Mergenlhalcr   Linotype  Co,,   Bklyn,,  N. 

8  stv.  Factory. 
Hauan   Shoe  CoKipany,  Bklyn,  N.  V»,  ^  titf,  J 

Pacrorv-  I 

Schwartchild  A  Suliberjer,  New  York  atr.  I 

5  stv,  Suble.  i 

R,  IL  Long  Shoe  Co.,  Framing bamit  Meflu 

i,  5tv.  Factory. 
Commerciid  Trust  Co.,  New  York  Cily. «  rtf. 

Bank  and  omce  Bldg. 
Boston  &  Albany  Railroad,  Boston,  Mass.,  7 

sty,  Warcnousc. 


11^  ^\i\    £\i\£\    ¥51_  1  <>'   Ihete    brand*  Ui«d  exdiuively  in  conatr^ietion 

•  OUU.UUU    DDlS.  ■**'''^  Tran.it  Subwy  Cor*.  0>.  in  N^w  York 

7  f  Cit|p  fmd  D»rooKl|r& 


United  Building  Material  Company 

320  Bro&dway;  New  York  City  101   Milk  Su  Bo«ton,  Mail 

Quotations  Sent  Upon  Application 

tB 
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The  H.  Wales  Lines  Co. 


MERIDEN,  CONN. 


D  ISTR I BUTOR     OF 


Portland  cement 


Ulster  County  Roscndalc  Cement 


VITRIFIED    SALT-GLAZED    SEWER    PIPE 


A  full  line  of  all   sues  and    fcttmgs  in  stack  for  prompt  delivery 


BLUE  STONE 


PILING 


ORANITE 


Builders*  and  Contractors*  Material 
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The 

TuTTLE.  Morehouse  &■  Taylor 

Company 

Printers,  Bookbinders,  Stationers 

^^^^^^H  Southern  Connecticut  Agents  For 

Vertical  and  Sectional  Filing  Cabinets  of  all  kinds 

For  C&fd  Indexes.  Invoices,  Legal  Documents,  etc 

Portfolio  Sections 

* 

Especially  suited  to  the  convenient  filing  of 

MAPS  AND  BLUE  PRINTS 
Loose  Leaf  Binders 

We  Manufacture  Special  Sizes  to  Order 

Loose  Sheets  for  Binders 

PRINTED.    RULED  AND  PUNCHED   TO  ORDER 


PRINTERY   AND   BINDERY,    123   TEMPLE    STREET 

STATIONERY  STORE,  185  CROWN  STREET 

NEW  HAVEN  CONNECTICUT 


THE  ENGINEERING  RECORD 


The  leading  journal  in  the  field  of 
civil  engineering 

THE  ENGINEERING  RECORD  is  both  authoritative  andl 
exhaustive  on  all  features  of  municipal  engineering,  bridge  andl 
structural  engineering,  mill  and  power  engineering,  heating  andl 
ventilation,  railway  location  and  construction,  and  allied  subjects,! 

Its  articles  reflect  correctly  the  best  standard  practice  in  both] 
design  and  construction*  They  also  include  descriptions  of  un-J 
usual  works,  making  clear  the  reasons  for  their  special  features^ 

Published  weekly  with  over  2,000  pages  of  reading  matter  pefl 
annum.     Subscription  price,  $5-00  a  year. 

Sample  copies  on  request 


THE    ENQINEERINQ    RECORD 


239  West  39th  Street 


NEW    YORI 


k 


E.   D.  HAMMOND 

HARTFORD,  CONN. 

Foundation  Borings     Artesian  Wells 

WIND  HOLLS,  ENGINES,  TANKS  AND  TOWERS 
Diamond  Core  Drilling 


We  remove  uncertainty  in  foundation  work  by  obtaining  actual 
samples  of  all  strata^  whether  same  is  sand,  quicksand,  gravel, 
clay,  boulders  or  rock,  etc. 

Among  otherSy  we  have  made  barings  far — 

U.  S*  Army  Engineers,  survey  of  Connecticut  River  and  Provi- 
dence River;  Water  Commissioners,  Hartford^  4, 100  lin.  ft.; 
Bridge  Commission,  Hartford,  32  tests  to  bed  rock;  bridge, 
Derby,  Conn.  ;  Water  Commissioners,  Meriden,  Conn. ;  Connec- 
ticut' River  Power  Co.,  Brattleboro,  Vt. ;  Tuttic  Brick  Co., 
Middletown,  Conn. 
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BENVENUE  GRANITE  CO. 

41  Park  Row,  New  York,  N.  Y. 


Granite— •' Crotch  Island,"  «•  Sullivan"  and   «•  Swan's  Island" 
for  Buildins:,  Curb  and  Monumental  Work 


DESCRIPTION 

«« Crotch  Island'*  Granite  is  light  pink  in  color,  which  is 
perfectly  uniform.  It  is  a  fine  class  of  Granite  and  is  suitable  for 
every  description  of  high-class  building,  monumental  and  curb 
work. 

'•Sullivan "  Granite  is  of  a  light  gray  color,  fine  grained  and 
uniform  texture. 

«* Swan's  Island"  Granite  is  a  beautiful  shade  of  red  of  fine 
grain. 


The  Benvenue  Granite  Co.  has  quite  recently  installed  at  its 
quarries  a  complete  outfit  of  Granite  Cutting  Machinery  and 
accessories  of  the  most  modern  description  known  to  the  Granite 
trade. 

Our  Motto  is :  Quick  Deliveries 

SEE  OUR  CURB  ON  THE  NEV  HARTFORD  BRIDGE 
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High  Tee  Rails 

High-Grade 

Special  Track  Work 

And  Electrically  Welded  Joints 


General  Offices 

Pennsylvania  Building 

Philadelphia,  Pa. 

Al50  Offices  at 

New  York,  N.  Y.,  JO  Church  St.        Chicago,  III.,  monadnock  Block 
Pittsburg:,  Pa.,  FHck  Building  Annex    St.  Louis,  Mo.,  Chemical  BiiildJit^ 
Atianlap  da..  Equitable  Build  jug  Cleveland »  Ohio,  Rockefeller  Bulld- 

San  Francisco^  Cal*,  Crocker  Build^  Ing 

lag  Philadelphia,  Pa.,  Pe  tin  sylvan  la 

Building 


JOHNSTOWN,  PA. 


The  Cdebrated  Syracuse  Vitrified  Paving  Brick 

MANUFACTURED   AT 

SYRACUSE,  NEW  YORK 

Eastern  References :  New  Havcn^  Cofin.|  and  Springfield^  Mass. 


DEPARTMENT    OF     PUBLIC     WORKS 

Engineer's  Office,  Room  I7,  City  Hall 

New  Haven,  Conn.,  May  h  1903* 

The  yettf  York  Brick  and  leaving  €ff*f 
Syracuse^  X,  Y, 

Qenitemen:     The  tallowing  streets  or  portions  of  streets.    In   this 
city,  irave  been  paved  with  '^Syracuse''  Brick: 


In  1892; 
In  1893. 
In  IBM. 
In  1900. 
In  1900. 
In  I90L 
tn  1901. 
In  1901. 
In  1901. 
In  190  L 
In  I90L 
In  1902. 


York  St.  (one  ii^e),  bet.  Chapel  and  Elm  Std.,     633.3  sq.  yd». 
Ashmun  Sl.t  bet.  Henry  and  Gregory  Sis.,         2^432.  t    *'     '* 
Cbapel  $t..  at  and  near  State  St,  947.6    '*     '* 

Grand  Av.,  bet.  the  Miit  and  Quinnlpiac  RiverSt  22,697. 1  ''  *' 
Commerce  St.,  bet.  Cong.  Av.  and  Wbitfng  St.,  2,708.5  "  ** 
Chapel  St.,  bet.  York  and  State  Sts.,  1 3,49 1 .0   ''     '* 

Congress  Av.,  bet.  George  and  Temple  Sts., 
Crown  St.,  bet.  State  and  Temple  St 9., 
Elm  St.,  bet.  State  and  York  Sis., 
George  St.,  bet.  State  and  Temple  Stfi«, 
Temple  St.,  bet.  Elm  St.  and  Congreas  Av., 
Olive  St.,  bet.  Slate  and  Water  Sta., 


3,567.8    **     •• 

Q 

12,377.2    "     " 

^ 

5,661.2    "     " 

2. 

7,480.0    "     " 

& 

10,341.0    *'     "      J 

Total 


87.546,7 


in  iS96'T  about  seven  mites  of  ** Syracuse"  trick  gutters  for  mac* 
mdam  and  asphait  pavements  wene  laid.  During  the  year  i902,  S 43,000 
* 'Syracuse'*  trick  were  purchased  ty  the  city  for  repairing  pavements 
not  originaiiy  taid  with  ''Syracuse*'  trick*  None  of  the  atmve-'named 
localities  has  been  repaired  excepting  where  the  pavement  was  torn  up 
for  specific  purposes.  The  aimve  total  area  represents  about  four  miies 
of  streets. 

Very  truly  yours, 

MENRVJ,  fCELLOaa, 

AMMtstmat  City  Bugiaetr, 

N&w  timvwa,  Caaa, 
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Test  Borings-=Exact  Samples 

CORE  DRILL  BORINGS       FOUNDATION  TESTS 

FOUNDATIONS  FOR  HEAVY  ENGINEERING  STROCTURES  INVESTIGATED 

Samples  of  all  materials  penetrated  saved  for  record  and   inspec- 
tion.    Samples  of   sand,   gravel,   tjuicksand,   cia>%  hatdpau,  etc. 
I  shown    in    same    condition    as    it    is    from    where    it    is    taken. 

CORE  SAMPLES  FROM  ROCK 

Samples  from  various  strata  of  rock  encountered  for  investigating  the  nature  and 

extent  of  rock  in  new  quarries,  mines,  etc.     The  actual  stone 

is  brought  up  for  inspection. 

Artesian  Wells,  Winil  Kitls,  Fumps,  Drilling  Machinery*  Well  Supplies, 
Elevated  TanEs  far  SprlnHler  System  of  Fire  Protection 

G.    L.    QRAINT 

55  Belden  St,  Harfford,  Conn.        17  Bfwn  St,  Providence,  R.17 


The  Sessions  Foundry  Co. 

BRISTOL,  CONNECTICUT 


Low 
Prices 


Prompt  Shiproenis 


Sewer  and  Subway  Manhole  Castings 
Sewer  Catch  Basin  Castings,  etc, 

Wrile  us  for  estimates 


a6 


Metal  Tanks 


We  are  the  builders  of  those  hemispherical  bottom 
elevated  steel  tanks  which  you  have  probably 
noticed  in  various  parts  of  the  country.  We  have 
done  work  of  this  character  in  44  states  and 
territories  of  the  United  States,  in  6  of  the  provinces 
of  Canada,  in  Mexico,  Coba^  the  Panama  Canal  Zone 
and  the  Philippine  Islands. 

The  illustration  shows  a  structure  which  we 
recently  built  for  the  Louisville  Water  Co.,  of 

Louisville,  Ky.  This  is 
the  largest  tank  of  its 
kind  in  the  world,  having 
a  capacity  of  1,200,000 
gallons  and  a  height  of 
220  feet  from  the  top  of 
foundations  to  the  maxi- 
mum water  line  of  the 
tank. 


We  are  prepared  to  de- 
sign, manufacture  and 
erect  these  tanks  of  any 
practical  dimensions  in 
any  part  of  the  world. 

Our  booklet,  "Metal 
Structures,"  mailed  upon 

request. 


•*\m^* 


Chicag:o  Bridge  and  Iron  Works 

105th  and  Tbroop  Streets        ::       Chicago,  Illinois 


THE 


T.  A.  SCOTT  CO. 

Wrecking  and  Salvage  Opera- 
tions of  Every  Character 
Contractors  in  Marine 
Construction 


Steel,  Concrete  and  Wood  Sheet  Piling 
Bridges,  Cofferdams,  Foundations 
Marine  Railways,  Wharves  »  Seawalls 


DREDGING,  TOWING 
DIVERS  AT  SHORT  NOTICE 


NEW  LONDON        -        -        CONN. 

TELEPHONE  DAY  OR  NIGHT 


C.  W.  Bl&ketlM 


B.  A.  BlftHeilce 


Clartace  Bl»K«tlee 


C.  W.  BLAKESLEE  &  SONS 


58  Waverly  Street,  New  Haven,  Conn, 


General  Contractors 


Experts  in  Street  Paving  and 
Macadam  Road  Making 


Steam  and  Electric  Railroads,  Dams,  Sewers 
and  Heavy  Masonry  Built 

Bttildin^  Stano,  Crashed  Stone  and  Belgian  BlocKi  Furnished 
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EXPANDED    METAL 


k 


AND  TWISTED  STEEL  RODS 

FOR  REINFORCING  CONCRETE 


Atlas  and  Giant 

I     PORTLAND  CEMENTS 


0. 


0) 

H 
O 


EXPANDED    STEEL    LATH 

PAVING  BRICK 


PROMPT  DELIVERIES  MADE  FROM  STOCK  AT 
NEW  HAVEN 


Etna  Liability  Insurance 

pr*»tecls  the  insured  against 
worry  and  expense  caused 
by  accidents,  and  prevents 
accidents  by  careful  inspec- 
tion and  recummendation  of 
ciTeciive  safeguards- 


ACCIDENT  AND  LIABILITY  DEFT. 

^TNA  LIFE  INSURANCE  CO. 

OF  HARTFORD,  CONN. 


iEfna  Accident  Insurance 

furnislies  indeuniilv  for  IosjS 
of  life,  limb,  sight  or  time 
caused  by  budil\*  injury. 
Double  indemnity  for  acci- 
dents of  travel. 
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C.  L.  BERGER  &  SONS, 

37  WilUam  St.         BOSTON,  MASS. 

SPECIALTIES  : 

SirveyBi  totmnts  of  PrcdsiML 

ALL  KISIS.  ALL  SIZES. 


WILUAM  R.  CONARD 

A»MkC«  Amer.  Soc.  C.  L.  Aavoc  H.  Amw.  Sac  M.  ^ 


1- 

>  ..  s  ■•.     :  ^.  .  : 

w 

v>       V,             Vv 

^122  Hi^  Scrwt 

BURUMHOK.  N.  J. 


».  -  ■   *  ^  - 


.-.'•_ 


--I, --,—=; 


HERBERT    C    KEITB 


vw«j.  >««.:  ^e:^  YORK 


FRANK  OBERKIRCH,  ^^sitUnt 


GEORGE  C,  SIMONS.  St€^^  . 


^    ^    jl    ^    ^ 


St.  Mary's  Sewer  Pipe  Co. 


Sewer  Pipe,  Flue  Linings 
and  all  other  day  products 


St.  Marys,  Pa* 


Long  Distance  Telephone 
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The  Ousatonic  Water  Power  Company 

Permanent  ^  Reliable  Water  Power 

DIRECT  OR  ELECTRJCALLY  APPUED 
The  Bcsl  and  Cheapest  Power  ICdowii  for  Manufacturing  Purposes 

Located  at  Derhy  and  Sheltaftf    Connecticut,  and  ackn&wtm^tgwd  ae  one 
of  the  Be§t   Water  Powers  in  the  Country 

'J^WO  hours  from  New  York,  via  N.Y..  N.H.  &  H.R.R.  Railroad  and  Tfdc«fWf 
tninsportatiori.  The  m^ny  nnltirat  advantages  of  locatioo,  supptr fixated 
by  cheapness  and  pcrtnanency  of  power,  variety  of  industries,  skilled  tabot, 
facilJlies  for  transporlulion  dnd  close  proxtmiry  to  oihtr  far|;e  iitanuf^iciurtaf 
communities*  combine  to  make  Derby  and  Shelton.  as  they  arc»  an  industrid 
center  unequalled  and  unsurpassed  by  any  city  or  loivn  In  New  England.  ai>d 
where  the  rnanufactutcr  can  safely,  convenienily,  and  advaniageously  locatr  hti 
business, 

tnquiri«.  relftUv  to  mdvmMme^B  of     Thc  OuSatOllic   ^X^atef  PoWef  Co- 
location,  factory    tite*  and   po*r«^r, 
will  receive  prompi  -Uention.  DERBY,  CONNECTlCLT 


JUST  RIGHT 

Pioneer  Transits,  for  preliminary   and    rai 
work,  are  constructed  M^ith  an  eye   on 
ability.      Other   Surveying    and    Engixieerio^ 
Transits,  Levels  and  Drawing  Materials 

Send   for  our   CataJocue 

KOLESCH  &  CO. 


Eaiabt|ah«d    ISSS 


138  Fl/LTON  ST. 


KEW  YORK 


CHEMICAL  AND  PHYSICAL  LABORATORIES 

__ OF 

DR.  CHAS.  F.  McKENNA 

0#.v.  HUDSOA'  TENM/XAl  BUILDING 

FULTON  AND  CHURCH  STREETS 

NEW  YORK  CITY 


Headquaiieis  (or  Suodaid  Tcsis  of  Materials.  S|)«cificalioDS.  Inspection  i 
Control  on  gteit  works,  and  (or  Ezp«it  Serrices  in  Chemical  EngfaiVMJii^j 


PETEH  BEATTIE,  Exr, 


JOHN  BEATTIE.  Jr,  Exr, 


...THE ... 


pSTATE  OF  JOHN   gEAHIE 

GRANITE  QUARRIES 

AT  LEETE   ISLAND  AND   HOADLEY'S  NECK 
OFFICE  AND  WORHS»  LEETE  ISLAND,  CONN. 


Arc  well  equipped  to  furnish  Plain  or  Dressed 
Granite  in  Large  Quaniities,  by  rail  or  water 
shipment.  Among  others^  have  supplied  Granite 
for  following  constructions  :  :  :  :  :         :  : 

Piers,  Connecticut  River  Stone  liridge,  Hartford,  Conn. 
Soldiers'  and  Sailors'  Monument,  Riverside  Drive,  N*  Y. 
The  New  Tliird  Avenue  Bridge,  130th  St,  N.  Y,  City 
Pedestal,   Statue  of  Liberty,  -       New  York  Harbor 

General  Anderson  Monument,  Pittsburgh,  Pa. 

General  Flower  Monument,  -  New^  York  City 

N.  Y.,  N.  H.  &  11.  R.  R,  Co.  Improvement,  Bridgeport,  Ct, 
Residences,  .  ,  .  .  .  Newport,  R,  L 
New  Plaza  Hotel.         -         -         -  New  York  City 

Breakwaters  at  Block   Island,  Duck  Island,   New  Haven, 
Bridgeport,  etc.,  etc. 


FOUR  VESSELS  WITH   STEAM  POWER  TO 
HANDLE  HEAVY  MATERIAL 
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IThe  Edward  Balf  Company 


26  STATE  STREET,  HARTFORD.  CONN. 


GENERAL    TRUCKMEN 
AND     CONTRACTORS 


MOSLER  SAFES  DELIVERED 

BUILDING  STONE  CRUSHED  STONE 

SAND  GRADING  EXCAVATING 


E.  G.  SOLTHANN 

I  25  E.  42d  St.,  New  York,  N*Y. 

Next  to  QrMnd  Central  Station 


Continuous  Prints  made  from 

PROFILES 

drawn    on    transparent    Profile    or 

Cross  Section  Tracing  Paper 

PRICES  for  Large  Frint«  up  to  ^%  x  i>  feet 

BLACtC  Prints  on  Paper,  per  nq.  fu,  3c 

**  ''       "    CImh.    5c 

BLUE  "         •*    Paper. 2c 

DRAWING    MATERIALS 

BLUE   PRINT   PJ^PCR 

U^  INKOFF  for  Tracing  Cloth  Correction! 

TrUt  Outfit  ««nt  lot  SIX  2c  St^mp* 


The  Stoddard-Brown  Co. 

ENGRA VERS 

66  CENTER  STREET 

NEW  HAVEN,  CONNECTICUT 
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ir. 


Enpntas,  ArcMcds. 

^  iron  or  Sled 


We  wiil  checrf uliy  lumish  up:>n  ar^^&a&or.  in  :^-::szmti 
book.  Shouini§^  Bridges  2nd  Buildings  oc  wiiizf: 

Superior  Graphite  Paint 

has  been  used 

Ifitcrcstm j  Tests  and 


It  is  hoped  that  prospective  users  of  paint  not  familiar  ^ith 
this  product,  will  investigate  its  merits  before  purchasing. 
It  is  particularly  adapted  to  >\'ithstand  severe  conditions. 

Immediate  Shipments  made  from  Local  Stock 

Used  on  many  bridges  and  buildings  in  Connecticut,  to 
which  we  would  be  glad  to  refer 


DETROIT    GRAPHITE    COMPANY 

PAINT   MAKERS 

141  Broadway,  New  York        1117  Tremont  BIdj.,  Boston,  Mass. 
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W.  <Sr  L.  E.  QURUEY 

TROY.     NEW     YORK 

] 
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Genuine 


Rosendale  Cemen 


X 


Used  In  the  construction  of  nearly  all  the 
Yale  Buildings,  New  Haven»  Conn. 


Over  one  hunureU  miies  or  sewers  in  New  Haven 
were  built  with  Rosendale 


ONE  l»ROMtNei«T  ARCHITECT  WRITES 
*'l  havt)  untformly  speelflod  and  inatftted  on  your  Cement,  aomir- 
f4fnes  ^hon  others  would  hovo  t^eon  easier  to  ^t,  and  have  found 
If  auporior  for  floor  work  to  Portland*'* 


CONSOLIDATED  ROSENDALE  CEMENT  CO. 

CEO.  C.  CLEA80N,  Sales  Agent 
50  Church  Street  New  York  City 


Connecticut 


Society  of  Cml  6iigiiiecr8 


(T^^^J) 
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THE   ENGINEER  IN  COURT. 


By  Edward  IV.  Bush,  Meftt.  Conn.  Soc.  C  £. 


A  very  large  part  of  the  construction  w^^rk  in  which  civil  engi- 
neers are  engaged  is  work  which  is  being  biitk  by  contractors 
who  have  executed  a  contract  with  a  finn,  corporation,  or  otliers 
by  which  the  contractor  agrees,  for  a  stipulated  sum,  to  furnish 
certain  materials  and  perform  certain  labors,  etc.,  in  a  manner 
set  forth  in  the  contract  and  specifications  and  agreed  to  by  the 
contracting  parties.  Generally  an  engineer,  after  preliminary 
studies,  designs  the  work,  prepares  plans  and  specifications  and 
later  superintends  the  construction  of  the  work.  In  drawing  the 
contract  and  specifications,  and  at  various  times  during  the  con- 
struction, the  engineer  w  ill  need  the  services  of  a  gocxi  lawyer : 
also,  if  suit  is  started  for  breach  of  contract,  the  lawyer  will  need 
the  help  of  the  engineer  in  preparing  the  case  for  court.  The 
services  of  the  two  are  often  very  intimately  associated,  and  the 
subject  may  well  be  studied  by  engineers*  as  they  may  be  called 
upon  at  any  time  to  act  as  w^itnesses  or  prepare  data  for  use  in 
court.  In  this  paper  the  writer  offers  some  suggestions  regard- 
ing the  collection  and  presentation  of  engineering  data  for  court 
use  which  he  hopes  may  be  of  some  interest  and  which  may  bring 
out  further  discussion  on  the  subject. 

Construction  of  an  engineering  work  by  contract  seems  quite 
a  simple  matter  The  engineer  has  described  (or  thinks  he  has 
described)  just  what  work  or  materials  are  demanded  and  the 
drawings  show  the  location  and  fonn  of  construction.  The 
contractor  has  (or  says  he  has)  looked  the  ground  over  very 
carefully  and  puts  in  his  bid  after  a  study  of  the  specifications. 
But  often  after  the  contract  is  signed  and  work  has  commenced 
the  engineer  will  order  something  done  that  the  contractor  thinks 
is  outside  of  his  contract  and  trouble  has  started.  Many  con- 
tractors, if  they  have  lost  money  on  the  job,  are  apt  to  start  suit 
to  recover  for  alleged  extras  about  the  lime  the  work  is  finished, 
claiming  that  an  additional  verbal  contract  has  been  established, 
and  the  engineer  may  suddenly  be  called  upon  to  prepare  data 
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for  a  lawsuit  and  go  into  court  as  witness  for  the  defense.  Some 
contracts  run  along  for  several  years  before  completion,  and  if 
data  is  re(|uired  concerning  the  earlier  part  of  the  work,  the 
engineer  is  very  seriously  handicapped,  unless  he  has  kept  up 
daily  records  during  construction  of  information  which  might 
later  be  needed  in  court. 

The  engineer,  by  the  temis  of  the  contract,  is  in  many  ways  the 
authorized  agent  of  the  owner,  and  he  should  keep  such  data 
during  construction  that  if  called  upon  he  can  go  into  court  with 
full  information  as  to  just  what  methods,  materials  or  labor  has 
gone  into  the  work.  If  suit  is  started,  probably  the  contractor 
will  present  time  books,  pay  rolls,  receipted  bills  for  materials  and 
a  mass  of  records,  all  of  which  go  to  show  that  the  cost  to  him 
was  very  much  in  excess  of  what  he  received  and  that  he  was 
forced  into  this  extra  expense  because  the  engineer  made  him 
use  materials  or  do  work  of  a  much  higher  grade  than  that  speci- 
fied. It  takes  good  preparation  and  expert  legal  services  to 
successfully  defend  a  suit  against  such  evidence,  especially  if  the 
trial  is  before  a  jury.  The  construction  engineer  should  bear  in 
mind  that  a  lawsuit  may  come  at  the  end  of  every  contract  and 
keep  his  records  accordingly.  In  justice  to  the  large  and 
growing  bcxly  of  honorable  men  now  engaged  in  contracting, 
especially  those  doing  the  higher  grade  of  work,  it  should  be  said 
that  they  perform  their  work  in  an  honest,  thorough  and  first- 
class  manner  and  hesitate  to  commence  suit  imless  they  believe 
themselves  grossly  wronged.  P>ut  often  conditions  arise  in  con- 
tract work  over  which  there  is  an  honorable  difference  of  opinion 
which  can  only  be  (k'terniined  by  a  judicial  interpretation  of  the 
contract. 

Often  a  dispute  will  arise  because  the  contract  drawings  and 
specification^  are  not  definite  and  later  the  contractor  is  asked  t<.> 
])erform  a  certain  grade  of  work  at  places  not  shown  or  indi- 
cated to  him  before  he  bid  on  the  work.  An  eminent  lawyer  has 
said  that  when  a  contract  is  made  between  parties  its  items 
express  "the  common  meeting  of  two  minds.*'  A  copy  of  the 
cnniract  with  contract  drawings  attached  is  very  apt  to  be 
Exhibit  A  when  a  suit  is  started,  and  an  engineer  should  bear  this 
in  mind  when  drawings  and  specifications  are  being  prepared  and 
hcc  iliat  there  is  nothing  that  would  lead  to  erronecnis  impressions 
if  ^anif  were  taken  into  court.     The  same  may  be  said  regarding 
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atlditional  sketches,  or  plans  given  contractors  during  construc- 
tion. Whenever  such  additional  drawings  are  furnished  contrac- 
tors, they  should  he  marked  sf»  that  they  will  plainly  indicate  that 
thev  are  explanatory  or  detail  drawings  anrl  supplenieiU  the  mt»re 
general  or  contract  drawings. 

During  construction  the  engineer  will  ilouhtless  collect  data 
regarding  costs,  tests  made,  methutls  used,  time  retitiired  to  do 
certain  parts  of  the  work  and  other  information  w*hich  is  of  great 
interest  antl  value  to  him  Rb  an  engineer;  but  unless  he  has  kept 
such  records  duly  authenticated  he  may  lind  them  of  little  value 
to  hirn  in  a  lawsuit.  The  lawyers  insist  on  facts  which  may  he 
proven  in  cuurt  and  are  very  quick  to  differentiate  between  facts 
and  opinions.  A  diary  kept  by  the  engineer  rect>rding  the  daily 
progress  of  all  parts  of  the  work,  a  general  record  of  methods 
used  and  containing  an  account  of  all  conferences  between  inter- 
ested parties,  instructions  given*  personal  inspecnons  made  and 
any  other  infonnation  bearing  on  the  work  which  seems  at  the 
time  to  be  worth  recording,  will  he  found  of  inestimable  value  in 
preparing  for  a  suit.  If  abstracts  from  such  a  diary  are  required 
as  testimony,  the  value  of  such  entries  is  greatly  enhanced,  the 
writer  is  tokl  if  they  are  made  in  ink,  in  the  handwriting  of  the 
w'itness,  and  each  entry  bears  the  date  and  signature  when 
actually  recordc<:l.  Inspectors  should  return  daily  reports  over 
their  signatures  of  the  w^ork  inspected,  indicating  the  size  of 
gangs  employed,  materials  used,  location  in  work,  progress  made 
and  any  other  infonnation  bearing  on  the  extent  or  quality  of  the 
work.  Some  part  of  the  engineering  organization  should  return 
a  daily  report  of  the  contractor's  force,  showing  the  size  and 
occupation  of  each  gang  on  the  job.  All  entries  in  the  field  note- 
hooks  used  in  laying  out  the  work  should  be  dated,  signed,  and 
contain  full  information  concerning  who  did  the  laying  out,  w*hi» 
requested  it  done,  whether  there  was  delay  by  either  contractor 
or  engineer  in  the  matter,  and  whether  the  layout  had  been  given 
before  and  lost  by  contractor.  All  such  information  is  of  much 
help  to  a  lawyer  and  engineer  in  preparing  a  case  for  court. 

A  photographic  record  of  construction  work  is  of  much  value 
to  an  engineer,  as  a  picture  will  often  show  at  a  glance  what 
could  not  be  recorded  in  several  pages  of  written  description. 
Photographs  are  often  useful  in  refreshing  the  memory  of  an 
important  witness,  who  after  looking  at  the  pictures  is  able  to 
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recall  all  the  related  conditions  and  surroundings  which  other- 
wise would  have  escaped  his  memory.  In  taking  photographs  of 
work,  much  depends  on  the  point  of  vie^v^  the  source  of  light,  the 
focal  length  of  lens  used  and  the  developing  and  printing, 
whether  or  not  the  resulting  picture  is  a  fair  representation  of 
the  appearance  of  the  work  at  the  time  taken.  All  photographic 
negatives  should  be  so  marked  with  the  serial  number  and  date 
taken  that  the  same  will  appear  in  the* finished  print. 

Profiles  and  diagrams  showing  the  weekly  or  monthly  progress 
of  the  work  are  always  valuable  records.  What  the  lawyers 
want  for  evidence  is  records  that  can  be  identified.  If  the  engi- 
neers and  inspectors  would  date  and  write  their  signatures  on 
all  such  records  as  daily  reports,  photographic  prints,  progress 
drawings,  etc.,  they  could  later  go  into  court,  if  called  up«»n, 
and  identify  such  records  as  being  the  original  records  that  they 
made  and  swear  they  knew  that  the  same  were  true  at  the  time 
they  made  them. 

Something  may  occur  during  construction  indicating  that  there 
may  later  be  a  suit  involving  that  portion  of  the  work  then  in 
progress.  At  such  times  outside  engineers,  or  persons  who  are 
especially  skilled  in  the  kind  of  work  being  done,  are  often  asked 
to  examine  the  work  and  report  on  the  situation  as  they  find  it. 
knowing  thai  I  hey  may  later  be  called  upon  to  act  as  expert  wit- 
nesses in  the  matter.  They  should  be  given  full  opportunity  li> 
make  an  inspection  and  acquaint  themselves  with  the  specifica- 
tions. nieth(Kls  of  work,  materials,  etc..  and  their  reports  should 
be  made  in  writing,  so  that  the  lawyer  preparing  the  case  niav 
know  what  to  expect  from  such  witnesses  on  the  stand. 

When  niai)s,  j)rofiles  or  plans  are  presented  in  court,  those 
drawings  which  are  the  simplest  and  drawn  on  the  largest  scale 
will  be  fnimd  to  make  the  best  impression  on  the  judge  or  jurv. 
Often  a  sim])le  sketch  of  large  size,  freely  colored  up  with 
crayons,  will  be  just  what  i>  needed  to  clearly  show  the  matter 
under  consideration. 

On  the  stand,  after  being  sworn  to  **tell  the  truth,  the  whole 
truth,  and  nothing  but  the  truth,"  the  engineer  soon  finds  out 
that  he  can  tell  the  truth  only  so  far  as  he  is  allowed  to  do  so  in 
answer  to  (luestinns  put  {o  him  by  his  or  opposing  counsel.  Manv 
times  the  lawyer  on  the  other  side  will  so  cunningly  frame  a 
question  that  the  witness  will  be  unable  to  give  a  correct  answer 
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by  ihc  denianrlcd  *'ves"  or  *'no/'  As  the  witness  is  not  per- 
mitted to  volunteer  information,  his  examination  may  be  con- 
cluded without  his  having  given  testimony  of  value  to  his  side 
upon  wliich  he  has  fully  prepared  himself,  because  his  lawyer 
forgot  to  ask  fiim  the  necessary  questions.  For  that  reason  some 
engineers  who  are  to  give  expert  testimony  always  write  out  a 
set  of  questions  and  answers,  covering  the  technical  points  they 
are  to  bring  out,  and  give  a  copy  of  same  to  the  lawyer  on  their 
side  of  the  case  for  his  reference  during  their  examination. 

^^any  of  the  terms  used  in  engineering  construction  have  a 
technical  or  trade  meaning  which  may  not  admit  of  exact  defini- 
tion, because  the  terms  are  used  differently  by  persons  in  the  same 
trade.  What  these  words  mean  is  often  the  subject  of  consider- 
able inquiry  in  the  examination  of  an  expert  witness,  and  it  is 
well  to  be  prepared  on -such  matters*  as  the  counsel  on  the  other 
side  may  put  many  such  questions,  under  the  guise  of  testing  his 
knowledge  of  the  subject,  that  are  really  given  to  embarrass  and 
confuse  the  witness.  In  general  it  may  be  said  that  the  opposing 
coiinscl  is  quite  willing  to  make  the  expert  witness  earn  his  fee 
%vhen  giving  testimony,  especially  if  wdiat  he  says  is  damaging 
to  the  opposing  side. 

If  the  engineer  presents  testimony  which  includes  his  estimate 
of  the  valuation  of  an  engineering  construction  or  matter,  he  may 
find  that  such  estimate  is  made  the  focus  of  a  set  of  very  search- 
ing questions,  in  which  the  effort  is  made  to  break  down  the 
strength  of  his  statements.  He  w^ill,  no  doabt,  be  asked  to  fully 
explain  just  how  he  made  up  his  figures,  why  he  placed  certain 
values  on  certain  parts,  and  if  he  knew^  of  his  own  knowledge, 
wdiether  they  were  right  or  merely  guessed  at.  If  the  engineer 
has  analyzed  his  subject  and  prepared  his  estimate  with  care,  he 
can  generally  defend  his  position  by  answers  which  show  an 
intimate  knowledge  of  the  subject,  and  the  other  side  is  quite  apt 
to  cease  questioning,  especially  if  some  of  the  later  responses  have 
brouglit  out  infonuation  which  the  other  side  wish  concealed.  If 
an  exjvert  is  forced  to  say  that  his  opinion  is  based  lu  part  on  cer- 
tain information  w'hich  he  has  assumed,  he  uncovers  a  most  vul- 
nerable point  of  attack  for  the  other  side.  He  should  be  sure  that 
the  counsel  «jn  his  side  will  establish  the  necessary  evidence,  before 
he  gives  his  opinion,  that  will  lay  the  substantial  foundation  of 
facts  on  which  the  opinion  is  based.     A  memoraudimi  book  of 
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generous  size,  in  which  the  witness  has  set  down  all  his  computa- 
tions and  infonnation,  if  taken  on  the  stand  and  referred  to,  will 
greatly  assist  the  witness  in  answering  "catchy"  questions.  The 
effect  of  such  a  book  on  the  judge  or  jur}*  is  not  bad.  also,  as  the 
witness  is  apparently  well  equipped  to  answer  any  and  all  ques- 
tions bearing  on  the  subject. 

Every  contract  for  engineering  construction  that  the  w-riter 
has  ever  read  has  contained  the  usual  clause  that  the  owner  will 
not  pay  for  any  extras  unless  the  same  are  ordered  in  wTiting  by 
the  engineer:  yet  suits  for  extras  are  occasionally  broug^ht  and 
money  recovered  on  them,  notwithstanding  the  contract  may  con- 
tain the  familiar  clause  referred  to.  Mention  has  been  made  that 
the  contractors  may  start  suit  at  the  end  of  a  contract  covering 
several  years'  work,  in  which  event,  if  they  claim  extras  on  some 
of  the  earlier  work,  they  may  have  a  great  advantage  because 
they  collected  a  large  amount  of  evidence  favorable  to  themselves 
at  the  time  the  work  was  in  progress;  while  the  engineer,  not 
suspecting  that  the  contractor  would  sue,  failed  to  obtain  data 
for  his  side  of  the  suit.  In  justice  each  of  the  contracting^  parties 
should  have  opportunity  to  collect  evidence  on  a  disputed  matter. 

The  writer  offers  for  your  consideration  a  clause  to  be  inserted 
in  long  time  contracts  that  might  obviate,  in  a  way,  the 
disadvantage  of  the  engineer  as  mentioned  in  the  last  paragraph. 
The  suggestion  is  that  there  be  incorporated  in  the  contract  a 
form  of  declaration  which  the  contractor  shall  sign  before  obtain- 
ing any  monthly  payment,  in  which  he  states  that  he  waives  the 
right  to  recover  any  extras  except  those  items  and  amounts 
indicated  on  an  itemized  memorandum  which  he  attaches  and 
returns  with  the  declaration  to  the  owner. 

Such  a  clause  could  form  a  part  of  the  usual  clause  describing 
the  monthly  |)ayments  and  might  be  worded  as  follows: 

*  *  *  *  And  before  any  monthly  payments  arc  made  to  the  Con- 
tractor, hi'  >liall  »;ign  and  deliver  to  the  party  of  the  first  part  the  following 
declaration. 

I   hereby  declare  that  during  the  month  of   T   have 

not    performed    any   work,    furnished    any   materials,   sustained    any    loss, 
delay  or  damage  or  otherwise  done  anything  for  which  I  shall  ask,  demand,  . 

sue   fr»r  or  claim  compensation   from    in   addition 

to  the  regular  items  of  prices   set   forth   in   contracts  or  contract    date<J 
and  executed  between  mvself  and   


THE   ENClNEElt    IS    COUR  j  7 

cjicept  as  I  hereby  make  claim  lor  additional  compcDsation  as  set  forth  ««n 
the  iiemued  memorandum  herewith  attached. 

{ Signed )   

(Dale  J 

The  writer  has  submittetl  this  clause  to  two  lawyers  who  have 
had  a  broad  experience  in  engineering  cases  and  has  been  assured 
that  it  is  in  proper  iorm :  also  they  think  the  same  conkl  be  used 
to  advantage  in  many  long-time  contracts. 

Contractors  would  prefer  contracts  that  did  not  contain  such  a 
clause;  as  they  are  forced  to  disclose  their  claims  for  extras  at 
the  time  the  work  is  done,  if  the  clause  appears  in  ihe  contract. 
Still  the  writer  thinks  that  on  the  whole  such  a  clatisc  would 
work  to  the  mutual  advantage  of  the  engineer  and  contractor ; 
misunderstandings  would  be  threshed  out  at  the  time  they  first 
appeared  and  concessions  would  be  made  which  would  adjust 
many  controversies.  At  least,  any  claims  that  remained  would 
be  in  writing  and  the  situation  could  be  sc[uarely  faced  by  either 
party. 

DISCUSSION — ExGiNKER  IX  Court. 

I  had  expected  up  to  ^londay  of  ihis  week  to  have  with  us 
this  afternoon  a  prominent  Hartford  attorney  wdio  has  had  a 
great  deal  of  experience  in  engineering  cases,  and  with  whom 
I  had  talked  this  subject  over,  and  I  wanted  to  call  on  him  to 
explain  how  it  is  that  a  contractor  can  set  up  a  supplementary' 
verbal  contract  that  is  binding  when  the  written  contract  has  the 
usual  clause  in  that  "nu  extra  work  will  be  paid  without  written 
order  of  the  engineer,'*  etc,  with  which  we  probably  are  all  of 
us  familiar.  As  I  recall  what  this  lawyer  says,  it  is  that  the 
engineer  might  contract  as  the  authorired  agent  of  the  owner  a 
verbal  contract  without  kuowing  it.  For  instance,  suppose  a 
contractor  subuiits  some  work  for  approval  to  the  engineer,  and 
should  ask  him:  '*Is  that  work  satisfactory?'*  and  the  engineer 
in  the  presence  of  witnesses  says,  **Why,  yes,  that  is  perfectly 
satisfactory,  and  I  want  you  to  do  all  the  rest  of  the  work  just 
like  that."  If  that  work  is  a  little  bit  better  than  the  contract 
calls  for,  and  the  contractor  has  the  proper  witnesses,  etc.,  it  might 
I»e  that  there  was  a  supplementary  verbal  contract  established  at 
that  time.     I  am  not  a  lawyer  and  I  may  not  have  this  thing  just 


8  TWEXTY-FIFTH    ANNUAL    MEETING. 

right,  but  it  is  somewhat  along  those  Hnes  that  verbal  contracts 
are  established. 

Mr.  Hill:  As  regards  the  **Engineer  in  Court/*  I  incline  to 
the  opinion  that  he  would  do  well  to  keep  out  of  court  as  much 
as  possible.  It  is  a  fine  place  to  waste  time.  But  so  long  as  this 
world  is  full  of  **many  men  of  many  minds"  and  the  operators 
of  those  minds  insist  on  looking  at  a  thing  from  their  own 
point  of  view,  and  decline  to  look  at  it  from  the  other  fellow's 
point  of  view,  it  will  be  necessary  for  the  engineer  to  go  into  court 
sometimes. 

I  think  the  tendency  is  now  for  conservative  engineers  to 
counsel  their  clients  against  going  to  court  on  engineering 
matters.  Litigation  is  pretty  expensive :  and  the  best  service 
engineers  can  render  their  clients  is  to  get  the  litigants  together 
and  compromise  the  matters,  out  of  court,  if  possible.  But  of 
course  that  cannot  always  be  done  and  the  engineer  gets  in  court. 
It  always  pays  to  be  fair;  and  it  never  pays  to  exaggerate  or 
overstate;  if  the  engineer  does  that  he  is  quite  likely  to  get  into 
trouble  on  cross-examination. 

The  points  referred  to  by  Mr.  Brinsmade  and  Mr.  Morton,  as 
to  preparing  the  case,  are  most  important.     (See  p.  21. ) 

In  very  technical  cases,  with  the  average  attorney  who  is  not 
thoroughly  familiar  with  technical  engineering  subjects,  the 
engineer  expert  should  write  out  the  substance  of  his  testimony, 
the  points  he  is  to  testify  about,  make  it  clear  and  furnish  his 
attorney  a  typewritten  copy,  so  that  the  attorney  can  study  it  and 
frame  his  questions  accurately  to  cover  the  ground.  Of  course 
when  the  engineer  gets  under  cross-examination,  he  must  answ*er 
questions  responsively.  He  had  generally  best  be  as  brief  as 
possible  and  avoid  "lecturing,"  lest  his  answers  be  suggestive 
to  opposing  counsel.  The  cross-examiner  is  likely  to  make  it  as 
difficult  as  j)ossible  for  him  to  answer  responsively  without  con- 
veying wrong  impressions  to  the  Court.  But  in  such  situations, 
the  engineer  must  rely  much  on  his  own  attorney  to  clear  up 
matters  on  re-direct,  as  his  attorney  will  do,  if  he  thoroughly 
understands  the  subject.  Therefore  the  point  Mr.  Brinsmade 
makes,  of  preparing  the  case  beforehand  with  his  attorney  and 
insisting  on  having  time  to  do  so.  is  very  important. 

An  attorney  not  familiar  with  the  engineering  questions  may 
come  to  you  and  presupposing  that  you  have  it  all  at  your  tongue's 
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end,  a^k  you  to  take  up  a  complicatecl  matter  and  give  the  proper 
answer  right  offliaiul  I  have  been  asked  to  go  into  court  with- 
out knowinf^  anything  about  what  the  subject  was,  ur  what  I 
was  expected  iu  give  an  opinion  on  until  in  the  court  ruom.  In 
abstruse  matters,  that  is  all  wrong.  It  is  imiK)rtant,  for  the  good 
of  the  cause  antl  for  yourself,  to  have  time  to  make  suitable  pre- 
paration. It  always  pays  to  prepare  a  case  thorunghly  before- 
hand. 

In  regard  to  the  contractors:  I  thitik  the  great  majority  of 
contractors  at  the  present  *:lay  are  fair,  square,  honorable  men. 
who  take  as  nmch  interest  in  executing  their  contracts  in  a  work- 
manlike and  satisfactory  manner,  as  the  engineer  is  interested  . 
in  having  it  done  in  that  marrner.  FUit  of  course  the  engineer 
may  not  always  have  such  contractors,  and  he  cannot  be  too 
particular  in  noting  all  the  facts  and  dates  as  the  work  progresses, 
so  as  to  cover  the  ground,  in  case  of  trouble,  as  completely  as 
possible.     He  need  not  be  afraid  of  getting  too  much  data. 

The  point  Mr,  Bush  makes  about  drawings  to  be  used  in  court 
is  important.  A  small,  beautifully  executed  mechanical  work 
is  not  quite  the  thing,  particularly  before  a  jtiry.  As  Mr.  Dush 
suggests,  large  scale  drawings;  are  more  useful.  They  should  be 
made  very  clear,  so  as  to  be  clearly  comprehended  by  the  court. 
They  are  much  more  valuable  ihan  small  scale,  complicated 
drawings,  for  use  before  a  jury. 

Mr.  Bush*s  paper  covers  a  rather  new  and  novel  field.  I 
think  the  suggestions  he  has  made  are  excellent :  and  the  engi- 
neer who  follows  them  will  not  find  himself  unprepared,  if  he 
is  so  unfortunate  as  to  get   "in  court," 

Mr.  Furbrr:  Mr.  IVesrdent  and  Gentlemen.  Mr.  Bush 
showed  me  his  paper  at  the  annual  meeting  of  the  American 
Society  in  New  York  some  weeks  ago,  and  I  was  struck  with  the 
coincidence  that  I  h<id  been  working  along  some  stich  lines  myself. 
1  read  his  pajier  with  a  great  deal  of  interest,  and  several  thoughts 
occurred  to  me  in  connection  therewith. 

I  think  all  the  points  touchetl  upon  by  Mr.  Bush  are  pertinent, 
as  has  already  been  said,  and  I  shall  merely  discuss  particularly 
the  latter  part  of  his  paper,  in  which  he  suggests  that  the  contrac- 
tor be  made  to  show  his  hand  at  the  end  of  every  month.  I 
think  this  is  a  most  excellent  suggestion,  and  without  casting  any 
reflection  on  the  contractor's  integrity  or  his  intention  of  doing 
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right,  I  think  it  is  best  that  the  work  be  kept  up  to  date,  as  it  were, 
every  month.  The  only  criticism  I  have  to  make  of  Mr.  Bush's 
suggestion — and  it  is  not  a  criticism  of  the  idea,  but  more  of  the 
form — is  that  it  might  be  difficult  to  get  a  contractor  to  sign  that 
paper  every  month  for  fear,  possibly  under  the  advice  of  his  law- 
yer, that  he  would  be  forestalling  some  of  his  subsequent  rights. 
I  think  a  form  might  be  devised  which  would  answer  the  purpose 
and  possibly  be  a  little  easier  of  execution.  It  has  been  my 
practice  in  architectural  and  building  work  to  make  the  con- 
tractor every  month  give  an  estimate  of  the  amount  of  work  that 
he  has  executed,  as  a  basis  for  comparison  and  verification  with 
my  own  estimate;  and  carrying  Mr.  Bush's  thought  along  this 
line  I  would  suggest  that  in  the  contract  be  put  a  clause  in  proper 
form  to  be  filled  out  each  month  by  the  contractor,  saying  that 
**the  contractor  hereby  certifies  that  he  has  executed  such  work 
under  the  terms  of  the  contract,'*  etc.,  giving  all  his  quantities 
and  prices,  with  blank  lines  for  extra  work,  if  any,  and  below 
that  a  place  for  his  signature  and  affidavit.  That  puts  the  con- 
tractor on  record  every  month,  as  Mr.  Bush  says,  and  if  there  is 
any  diflFerencc  at  this  time  it  can  be  taken  up  and  settled  before 
the  contractor  has  been  given  his  monthly  estimate  and  certificate. 
Therefore  at  the  time  of  the  giving  and  the  acceptance  by  the 
contractor  of  his  monthly  estimate,  the  job  has  been  accounted 
for  to  date. 

In  building  construction  I  always  put  a  clause  in  the  general 
conditions  which  in  a  measure  answers  the  same  purpose  but 
not  as  completely  as  has  been  suggested.  I  have  this  clause  : 
"If  the  full  size  or  larger  scale  drawings  show  more  elaborate  or 
expensive  work  than  the  contract  drawings  shall  provide  for. 
notice  must  be  given  by  the  contractor  to  the  architects  within  ten 
days  of  the  receipt  of  the  drawings  in  order  that  the  drawings 
may  be  arraujL^ed  and  that  the  additional  cost  of  such  additional 
work  may  be  adjusted  and  authorized.  In  the  absence  of  such 
notice  it  is  hereby  agreed  that  the  contractor  accepts  the  drawings 
and  will  execute  them  without  additional  compensation.''  This 
is  a  negative  way  of  doing  the  same  thing  that  Mr.  Bush  has 
suggested  be  done  in  a  positive  way. 

The  great  difficulty  with  laymen  in  points  of  law  is  to  realize 
how  easy  it  is  to  supplement  a  written  contract,  with  all  the 
formalities  of  a  written  contract,  with  a  verbal  contract  that  has 
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ikj  formalities  at  all,  and  it  takes  quite  a  little  while  before  a 
nun-lawyer  can  get  that  into  his  Imid.  We  prepare  with  infinite 
pains  a  written  contract,  with  all  the  conditions  and  contingencies 
likely  to  arise  carefully  provided  for.  which  most  people  think  is 
conclusive,  but  a  little  experience  in  conn  will  show  them  that 
all  that  care,  forethought  and  preparation  can  be  done  away  with 
by  a  simple  verbal  agreement  which  lias  no  formality  whatever, 
between  the  representative  parties. 

Regarding  the  testimony  of  an  engineer  in  court,  this  is  a 
delicate  subject  to  handle.  When  we  get  into  court  we  must 
protect  ourselves  as  well  as  protect  our  clients,  to  the  extent  of 
our  ability,  in  whatever  way  may  be  right  and  in  whatsoever  way 
may  occur  to  us  as  best  protecting  his  interests. 

In  this  connection  Mr.  Bush  has  referred  to  the  **catch" 
questions  which  attorneys  on  the  other  side  prepare  to  trap  the 
expert.  I  would  like  to  call  the  attention  of  the  gentlemen  of 
this  meeting  to  a  book  which  I  came  across  sometime  ago  which 
is  well  worth  the  perusal  of  any  engineer,  whether  intending  to 
go  into  court  or  not.  It  is  "Schopenhauer,  on  the  Art  of  Con- 
troversy/* Of  course  we  all  know  Schopenhauer  was  a  German 
pessimist,  and  being  a  pessimist  doesn't  disqualify  him  from 
giving  us  good  advice.  *'ln  the  Art  of  Controversy,"  he  has  put 
about  all  the  possible  forms  wdiich  controversy  may  take,  in 
about  the  same  form  that  Euchd  put  the  principles  of  geometry. 
Schopenhauer,  if  I  remember  right,  has  about  thirty-eight  propo- 
sitions, and  after  you  once  have  mastered  the  propositions  as 
put  forth  by  him  you  are  able  to  identify  and  classify  any  form 
of  controversy  that  may  be  put  to  you,  Schopenhauer  describes 
the  art  of  controversy,  not  as  the  *^art  of  getting  at  the  truth*' 
but  as  the   "art  of  overcoming  your  antagonist/' 

Xow  be  that  as  it  may,  it  is,  without  any  intention  on  the  part 
of  the  engineer  of  dohtg  his  opponent  any  unjust  harm  or  of 
taking  any  unjust  advantage  of  hinx,  just  as  well  for  the  expert 
in  court  tn  know  what  the  uther  side  may  do  without  such  good 
intentions  as  he  himself  may  possess;  and  by  carefully  studying 
this  **Art  of  Controversy*'  you  are  enabled  at  once  to  *  "check  up*' 
the  attorney  on  the  other  side  antl  know  what  the  i>articular 
proposition  is  thai  he  is  going  to  tackle  you  with  and  what  the 
defense  is  for  that  proposition. 
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Another  thing  that  I  have  discovered  in  my  practice  in  court 
is  that,  as  sometimes  happens,  after  you  have  given  your  testi- 
mony, the  attorney  on  the  other  side  declines  to  cross-examine 
you  at  that  time  and  puts  it  off  for  a  subsequent  hearing.  This 
is  for  the  purpose  of  enabHng  him  to  digest  your  testimony  and 
have  expert  answers  prepared  to  question  you.  I  have  had  ques- 
tions put  to  me  under  such  circumstances  which  I  could  see  were 
prepared  by  some  one  outside  of  the  court  room  and  given  to  the 
attorney,  and  possibly  were  questions  intended  to  mislead  and 
obscure  the  minds  of  the  jury  and  put  you  in  an  unfair  position; 
and  the  proper  defense  under  such  circumstances,  feeling  sure 
in  your  own  mind  that  the  attorney  on  the  other  side  is  merely 
giving  you  questions  in  a  parrot-like  form,  is  to  profess  to  be 
unable  to  comprehend  the  question  as  he  puts  it  and  to  make  him 
explain  his  own  question.  Therefore  you  put  him  in  exactly  the 
position  he  wants  to  put  you,  and  almost  invariably  you  put 
him  at  a  disadvantage. 

Outside  of  this  there  are  a  number  of  points  I  should  like  to 
touch  upon  in  a  written  discussion,  which  I  shall  endeavor  to  do 
in  the  near  future. 

Mr.  Bunce:  It  is  rather  an  embarrassing  position  to  be  put 
in  to  follow  these  gentlemen,  because  really  they  have,  to  my 
mind,  covered  almost  all  of  the  points  that  can  be  made.  I  think 
that  you  in  your  paper  have  very  fully  set  out  the  engineer's  part 
in  controversy. 

The  trouble  that  1  have  experienced  personally  in  court  cases 
almost  always,  with  one  or  two  exceptions,  has  been  the  fact  that 
it  was  almost  impossible  to  find  the  attorney  ready  and  willing 
sometimes  to  grasp  the  situation  and  to  be  brought  into  touch 
with  the  true  bearing  of  an  engineer's  testimony.  You  touched 
upon  that  matter  somewhat,  and  I  think  that  part  of  the  duty  of 
the  engineer  will  have  to  be  not  only  to  follow  out  the  instruc- 
tions which  you  have  suggested,  but  also  to  give  his  attorney  a 
pretty  strong  lesson  and  convey  to  his  mind  the  fact  that  he  must 
understand  the  testimony  which  you  are  expected  to  give. 

I  don't  know,  if  you  will  pardon  me,  whether  a  little  bit  of 
experience  in  certainly  one  case  wmII  exemplify  the  point  I  make. 
Some  years  ago  I  was  called  as  an  expert  in  a  case  where  a 
bridge  had  failed  from  the  failure  of  the  masonry.  The  masonry 
C(Mitract   had    been    sublet.      The    specifications    called    for    the 
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masonry  on  that  bridge  to  be  laid  in  first-class  cement  mortar. 
An  investigation  of  the  ruins  showed  plainly  evidences  that  the 
contract  had  been  shame  fid  ly  neglected.  Suit  was  brnug^ht 
against  the  sub-contractor  for  the  faihire.  There  were  three 
lawyers  employed  by  my  clients,  one  of  whom  was  a  rough 
country  lawyer,  who  examined  all  of  what  might  be  called  the 
preliminar)^  witnesses,  and*  he  did  lay,  I  think,  about  the  most 
elegant  foundation  for  a  case  that  I  ever  listened  to.  1  think 
he  traced  every  load  of  sand  and  every  bag  of  cement  on  to  iliat 
job,  the  teamster  who  had  hauled  it,  and  he  placed  the  man  that 
dug  it  and  the  man  that  unloaded  it  and  where  it  came  from  and 
where  it  went.  It  was  a  splendid  foundation  laid.  One  pecu- 
liarity of  the  trial  in  this  state  (it  was  another  state  than  this) 
was  that  of  all  of  that  class  of  witnesses  only  one  was  admitted 
to  the  court  room  at  the  time,  so  it  w^as  utterly  impossible  for 
him  to  hear  Avhat  other  witnesses  had  testified  to  and  form  his 
testimony  from  theirs.  The  second  lawyer  was  supposed  to 
examine  the  experts.  The  third  lawyer's  position  in  court  was  to 
be  ready  to  answer  any  legal  points  that  might  be  brought  up  by 
the  lawyers  on  tlie  other  side,  as  the  grounds  for  objecting  to 
testimony,  or  whatever  legal  questions  might  be  raised.  The  pre- 
liminarj'  examination  was  finished.  There  was  another  engineer 
employed  with  me,  and  the  lawn^^er  who  was  to  examine  him  com- 
menced with  his  examination,  and  went  through  it»  to  my  otter 
disgust.  lie  didn't  seem  to  apprehend  what  he  was  after,  he 
didn't  give  the  man  a  chance  to  tell  what  he  knew»  and  in  the 
fullest  sense,  to  me,  he  w^as  queering  the  case  from  start  to 
finish.  Fortunately  that  examination  was  in  the  afternoon  and 
the  court  adjourned  before  I  was  called  on  the  stand.  I  went 
to  the  parties  who  employed  me  and  told  them  plainly  what 
I  thought.  The  lawyer  who  had  made  this  examination,  I  found 
afterwards,  had  been  retained  in  this  case  for  fear  he  would  go 
on  the  other  side.  I  don*t  think  he  was  queering  the  case,  I 
don't  think  he  knew  enough  to  do  it,  but  I  suggested  that  they 
allow  me  to  be  examined  by  the  strictly  legal  attorney,  as  you 
might  designate  him ;  and  1  sat  down  with  him  in  the  evening 
and  went  through  the  case  with  him.  and  wrote  out  a  series  of 
questions  and  answers.  Now  that  was  to  give  me  the  oppor- 
tunity of  telling  what  I  knew  about  that  case.  That  was  all 
that  was  ever  intended  to  be  done.     There  was  no  intention  of 
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putting  up  a  job  on  anybody,  but  merely  to  give  me  a  fair  chance 
to  show  what  I  knew  about  it  and  give  my  opinion  from  my 
obscrvation  and  from  the  testimony  which  I  had  heard ;  for  one 
of  the  ways  in  which  they  examined  the  expert  witnesses  was  not 
to  put  a  hypothetical  question,  but  "You  have  heard  the  testimony 
that  has  been  given*'  (because  the  two  experts  were  supposed 
to  sit  in  court  all  the  time  and  hear  all  the  testimony),  **You 
have  heard  all  this  testimony  that  has  been  given.  Xow  based 
upon  that  what  is  your  opinion?''  Well,  I  wrote  out  a  series  of 
questions  and  answers  and  went  into  court  the  next  day,  and  the 
attorney  examined  me,  and  I  thought  we  had  made  a  very  good 
presentation  of  the  case.  I  really  believed  that  the  lawyers  on 
the  other  side  thought  so,  too,  for  when  they  undertook  to  cross- 
examine  me  they  asked  me  three  questions  which  had  no  material 
bearing  upon  the  matter,  and  dropped  me.  Well,  we  won  the 
case. 

^f R.  Kellocic.  :  I  want  to  say  that  a  lawyer  on  the  side  I  was 
to  testify  said  before  I  went  on  the  stand,  that  he  was  going  to 
ask  me  a  question  and  got  my  answer.  He  said  that  counsel  on 
the  other  side  would  object,  "and,''  says  he,  "I  don't  doubt  but 
what  the  judge  will  rule  it  out,  but  the  jury  will  hear  it." 

Speaking  of  drawings,  makes  me  think  of  what  Secretary 
Evarts  said  in  a  speech  he  made  in  Cooper  Institute.  There  was 
an  ovcr-zeak)us  surveyor  who  made  a  map  which  did  his  client 
an  injury.  The  case  was  against  a  darkey  for  stealing  chickens, 
and  the  map  showed  the  chicken  house,  and  on  the  comer  of  the 
chicken  house  he  put  in  the  words  "Here  is  where  the  nigger 
got  in." 

yin.  Kkith:  Mr.  President,  I  have  enjoyed  very  much  the 
paper  that  was  presented,  and  think  it  is  a  valuable  one  to  guide 
our  thoughts.  A  few  months  ago  I  happened  to  be  on  the 
()p])()sing  side  from  our  President  in  a  case  and  was  very  much 
ini])resscd  with  the  thoroughness  with  which  our  Past  President, 
y\r.  Graves,  and  his  assistant,  now  our  Past  President,  Mr.  Bush. 
had  prepared  their  notes  to  show  the  work  as  it  progressed.  I 
never  saw  such  thorough  preparation  at  the  time  of  building  the 
\v<  )rk  as  was  shown  by  those  notes :  it  seemed  as  though  they  had 
an  unlimited  amount  of  time  and  were  expecting  that  the  case 
wiuild  'JO  into  court  sometime. 
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There  are  a  few  things  that  it  seems  to  mc  an  engineer  should 
always  look  out  for.  One  rule  that  I  make  is  never  to  take  a 
side  in  which  I  do  not  helieve ;  or,  having  taken  the  side  tenta- 
tively, to  look  up  the  case,  no  matter  how  emliarrassing  it  may 
be  to  drop  it,  it  I  find  that  I  cannot  support  that  side  1  will  get 
out — I  have  done  so  several  times.  Some  of  these  cases  were 
settled  out  of  court  simply  because  my  client  became  convinced 
of  the  injustice  of  his  claim,  or  at  least  that  he  could  not  prove  it 
satisfactorily  to  the  Court.  Once  I  was  asked  by  the  other  side, 
hearing  that  I  had  given  up  the  case,  to  appear  for  them  ;  but  that 
was  more  than  I  was  willing  to  undertake.  I  simply  drew  out 
entirely.  Withdrawal  in  such  circumstances  is  prompted  not 
simply  as  a  matter  of  honesty,  though  that  would  be  sufficient 
reason  for  it,  but  also  of  policy.  A  witness,  whether  an  expert 
or  other  witness,  who  undertakes  to  support  what  he  does  not 
believe  in,  is  pretty  sure  to  get  snarled  up  and  do  harm  instead  of 
good  for  his  client. 

It  may  be  added  that  an  engineer  may  often  do  as  good 
serv^ice  by  arranging  a  reasonable  compromise  as  by  helping  on 
a  fight. 

Another  point,  .^n  engineer,  whether  he  is  employed  to  testify 
as  to  the  facts  or  as  an  expert  in  a  case,  must  have  ample  time 
and  opportunity  for  the  preparation ;  and  not  only  that,  but  for 
consultation  with  the  attorneys  before  the  case  comes  into  the 
courtroom. 

A  few  years  ago  I  was  engaged  in  a  case,  being  employed  by 
the  contractor,  the  contract  amounting  to  about  $750,000 
altogether  as  the  estimates  were  made  up.  There  was,  however, 
a  controversy  on  about  $250,000.  At  the  time  we  began  it  was 
supposed  that  perhaps  a  thousand  dollars  might  be  required  for 
the  expenses  of  preparation;  but  before  we  finished  over  $7,000 
had  been  spent,  for  it  became  evident  that  it  was  not  only  the 
ignorance  of  the  engineer  for  the  railroad  company  that  was  at 
fault,  but  the  dishonest  intention  of  the  officials,  who  controlled 
to  an  undue  extent  the  actions  of  their  engineer.  The  work  was 
finished  in  June.  The  estimate  for  July  (put  in  every  way  in 
the  form  of  a  final,  the  work  being  entirely  completed)  gave  a 
certain  amount  as  the  estimate  of  the  work  done.  We  were  well 
prepared  and  knew  the  railroad  side  of  the  case  a  great  deal 
better  than  the  railroad  officials  knew  it;   but  we  were  surprised 
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to  receive  in  October  a  document  headed  *'Final  Estimate,"  in 
which  there  was  about  $150,000  increase  over  that  which  had  been 
given  in  July.  There  was  still  $100,000  in  dispute,  and  for- 
tunately we  were  able  to  prove  our  right  to  it  sufficiently  so  that 
in  a  compromise  about  $60,000  of  that  was  allowed.  Although 
the  $7,500  or  so  of  expense  in  preparation  was  more  than  the 
contractor  had  anticipated,  he  got  a  very  liberal  allowance  (over 
$200,000)  as  a  return  for  it,  that  evidently  he  never  would  have 
gotten  if  he  had  not  prepared  to  fight. 

With  regard  to  the  preparation — it  is  not  only  necessary  that 
the  engineer  should  have  time  to  prepare,  but  that  he  should. 
as  best  he  can,  make  the  lawyer  understand  the  engineering 
phases  of  the  case,  not  only  his  own  side,  but  that  which  may  be 
presented  by  the  other  side.  There  needs  to  be  a  good  confer- 
ence between  the  lawyer  and  the  engineer  for  the  thorough 
preparation  for  the  case  in  court.  Then  also,  it  is  well  at  the 
trial,  when  the  engineering  features  are  under  consideration,  for 
the  engineer  to  sit  at  the  elbow  of  his  lawyer  ready  to  coach 
him  upon  any  points  that  may  come  up  during  the  examination 
of  his  own  other  witnesses  or  of  the  witnesses  of  the  opposi- 
tion. His  advice  may  be  needed  on  points  that  come  up  unex- 
pectedly. 

There  is  one  statement  of  our  President  that  I  must  take 
exception  to — with  regard  to  the  catch  questions  that  the  lawyers 
may  ask  and  demand  that  an  answer  be  made  "yes"  or  "no." 
If  I  understand  our  President  right,  he  said  that  the  engineer  has 
to  fail  to  testify  to  the  whole  truth  or  perhaps  to  testify,  or  appear 
to  testify,  to  that  which  is  untrue.  An  illustration  of  that  sort  of 
questions  may  be  in  place  here.  You  have  probably  heard  the 
old  story  about  the  lawyer  asking  a  man,  "Is  it  true  that  you  have 
stopped  beating  your  wife?"  If  the  answer  was  "yes,"  that 
would  indicate  that  the  man  had  been  in  the  habit  of  beating  his 
wife;  if  he  answered  "no,"  it  would  appear  to  indicate  that  he 
was  continuing  to  do  so. 

I  have  had  a  number  of  such  questions  put  to  me  in  the  course 
of  the  last  twenty-five  years,  and  there  is  a  case  that  comes  to 
mind  at  the  present  time.  I  don't  remember  what  the  question 
was,  Init  it  was  that  sort  of  a  question,  and  I  answered  at  first 
"yes"  (or  "no,"  whichever  it  was)  and  started  to  qualify.  The 
attorney  for  the  oi)position,  who  was  cross-examining  me,  said. 
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**That  will  do,  that  will  do;  you  have  answered  the  question,"  1 
appealed  to  the  Court  for  protection  and  the  Court  sustained  me. 
In  fact  I  have  done  that  a  numher  of  times.  The  Court  will  not 
support  such  a  trick,  but  will  always  sustain  a  man  who  is 
evidently  intending  to  give  honest  evidence  in  the  case. 

The  clause  which  the  President  has  suggested  for  the  extras 
seems  a  good  one.  About  eight  years  ago  I  prepared  specifica- 
tions in  which  there  w^as  an  attempt  at  the  same  thing*  but  unfor- 
timately  it  was  not  so  maturely  thought  out  as  Mr.  Bush's  clause ; 
and,  although  the  specifications  called  for  the  contractor's 
presenting  his  claim  for  extras  each  month,  there  were  claims 
at  the  end  of  the  contract  which  had  not  entered  the  mind  of  the 
contractor  (I  believe,  though  I  do  not  pretend  to  be  a  mind 
reader)  until  after  a  controversy  arose  over  another  matter.  It 
resulted  in  an  allowance  to  him  for  extra  work,  which  had  to  be 
acknowledged  as  reasonable  if  he  wanted  to  be  so  small  as  to 
charge  for  it,  and  he  chose  to  do  so.  He  has  more  than  once 
apologized  to  me  since  then  for  having  made  the  claim ;  but  that 
was  after  the  bitterness  of  the  controversy  had  subsided. 

There  is  one  more  thing.  I  believe  that  the  majority  of  con- 
tractors want  to  do  honest  work,  and  that  with  reasonable  specifi- 
cations they  will  'do  honest  work.  On  some  public  work  the 
contract  has  to  go  to  the  lowest  bidder;  but  in  a  large  part  of  our 
work  an  engineer  or  owner  is  allowed  discretion.  When  a  con- 
tractor is  known  to  be  in  the  habit  of  tricking  his  work,  avoid 
him  if  it  is  a  possible  thing,  even  if  his  bid  is  a  few  dollars  less 
than  that  of  a  man  who  is  know^n  to  be  square.  It  will  save 
money  in  the  end  if  you  deal  with  a  man  that  will  do  a  square 
thi ug  and  is  expecting  a  square  return  for  it,  rather  than  to  feel 
that  you  are  w^orking  at  cross  purposes,  each  trying  to  get  ahead 
of  the  other  all  through  the  work.  That  is  very  expensive,  not 
only  to  the  contractor  but  also  to  the  owner. 

Mr,  Ferry:  There  is  one  point  connected  with  this  subject 
which  has  not  been  touched  upon  but  which  I  think  is  important, 
and  that  is  the  interpretation  of  contracts.  The  young  engineer, 
particularly  if  he  is  very  conscientious,  is  liable  to  make  the 
mistake  of  interpreting  the  specifications  literally  instead  of 
liberally ;  thereby  causing  friction  and  consequent  trouble  with 
the  contractor.  The  specifications  are  drawn  for  the  protection 
of  the  owner's  interests,  and,  of  course,  it  is  intended  to  cover  all 
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possible  contingencies  which  may  arise;    many  of   which  may 
never  occur. 

The  engineer  who  interprets  his  specifications  literally,  and 
insists  that  the  contractor  shall  do  everything  exactly  as  the  con- 
tract says  it  shall  be  done,  regardless  of  the  fact  that  just  as  good 
results  can  be  obtained  in  some  other  way  which  will  be  more 
convenient  and  economical  for  the  contractor,  is  sure  to  get  into 
trouble.  The  contractor  is  then  likely  to  "skin"  his  work  as 
much  as  possible  in  order  to  get  even  with  the  engineer.  The 
final  result  is  likely  to  be  a  case  in  court. 

Now,  if  the  engineer  will  just  look  at  the  matter  in  a  broad- 
minded  way,  being  strict  in  things  essential,  shut  his  eyes  to 
things  non-essential,  and  help  the  contractor  in  every  way  he  can, 
legitimately,  there  is  little  danger  of  his  contracts  being  settled 
in  court. 

I  have  rarely  met  a  contractor  who  did  not  commence  his  first 
contract  with  me  with,  as  one  might  say,  "a  chip  on  his  shoulder." 
Contractors  are  suspicious,  and  seem  to  think  that  you  will  *'do" 
them  if  you  can. 

It  has  never  been  my  misfortune  to  have  a  contract  with  which 
I  have  been  connected  taken  into  court.  I  am,  however,  con- 
nected with  a  case  now  in  which  the  drawing  and  execution  of 
the  contract  was  done  by  another  engineer.  The  contract  was 
rather  loosely  drawn,  and  the  engineer  who  drew  it  was  asked 
to  interpret  certain  clauses  of  the  specifications.  He  said  he 
drew  them  so  that  they  would  be  "loopholes."  The  cross- 
examiner  asked  him  what  he  meant  by  loopholes,  and  he  answered 
"so  that  he  could  crawl  out  of  the  contract  if  he  wished  to." 
Those  drawing  contracts  in  this  way  are  likely  to  find  that  their 
contracts  contain  pitfalls  rather  than  loopholes. 

Mr.  Orrok:  Mr.  President,  I  want  to  add  just  a  few  words 
to  the  discussion  that  I  have  heard  here.  I  think  the  great 
trouble  that  engineers  find  in  their  dealings  with  the  legal  pro- 
fession is  the  lack  of  knowledge  of  mechanics  on  the  part  of 
lawyers.  Lawyers  are  taught  usually  in  colleges,  or  given  a 
classical  education ;  then  they  go  out  in  the  offices  and  read 
Blackstone  and  Kent  and  several  other  legal  authorities,  and  then 
they  become  lawyers.  Meanwhile  what  little  natural  philosophy 
and  mathematics  they  amassed  in  college  has  slipped  out  when  the 
Kent  and  Blackstone  came  in,  and  when  the  engineer  comes  in 
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contact  with  them  the  first  thing  he  has  to  do  is  to  ^et  a  proper 
understanding  of  the  matter  in  tlieir  minds,  I  have,  in  the  years 
that  I  have  been  attending  to  engineering  matters,  a  number  of 
times  had  to  instruct  lawyers  that  hot  air  will  rise  and  cold  air 
will  fall  I  have  had  to  instruct  them  that  a  weight  placed  on 
a  platform  exercised  a  certain  pressure  on  the  floor  tiiat  holds 
it  up  ;  and  similar  matters. 

As  an  illustration  of  this  I  want  to  call  your  attention  to  the 
decision  of  the  Supreme  Court  of  the  United  States  on  the 
8o-cent  gas  law.  There  is  one  clause  in  the  opinion  tn  which  they 
declare  the  law  regarding  pressure  to  be  unconstitutional  because 
the  extreme  pressure  of  two  inches  and  a  half  of  water  in  the  gas 
mains  was  liable  to  cause  explosion  in  the  mains.  I  have  yet  to 
understand  how  that  thing  passed  the  Supreme  Court, 

Mr.  O'Connor:  I  am  not  very  well  prepared  to  make  a 
speech  on  this  subject,  but  1  will  say  this,  I  have  fieard  several 
good  arguments  here  in  favor  of  arbitration.  I  believe  that  the 
engineers  should  arbitrate  as  well  as  the  contractor  and  keep  out 
of  court.     It  would  be  lietter  for  both  parties. 

Mr.  P"urber:  Mr.  President,  I  don't  like  to  rise  twice,  but 
several  points  have  been  brought  up  here  in  subsequent  discus- 
sion about  which  I  should  like  to  say  a  word.  Mr.  Keith  referred 
to  the  necessary  and  the  strictest  integrity  on  the  part  of  the 
engineering  expert,  and  I  simply  want  to  say  in  this  connection 
that  it  only  emphasises  some  remarks  made  last  night  upon  the 
extremely  high  ethical  position  that  the  engineer  should  strive 
to  attain.  As  is  well  known  to  all  of  us,  experts  can  be  hired  on 
legal  matter s^  on  medical  matters  and  on  chemical  matters,  and 
you  can  get  any  sort  of  testimony  yon  choose  to  pay  for.  Every 
prominent  trial  that  we  have  involving  important  issues,  including 
murder  trials,  shows  how  easy  it  is  to  obtain  apparently  high- 
class  testimony  in  diametrically  opposite  directions  ;  and  I  think 
the  value  a  competent  and  conscientious  engineer  puts  on  his 
testimony  goes  to  show  on  how  mnch  higher  ethical  plane  the 
engineering  profession  is  than  any  other  of  the  learned  profes- 
sions. 

It  may  be  said  regarding  the  position  of  the  lawyers  that  their 
idea  may  be  expressed — or  their  attitude  may  be  expressed,  as 
I  said  Schopenhauer  expressed  the  art  of  controversy,  that  is,  as 
the  principle  of  getting  the  best  of  your  antagonist. 
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Something  was  said  here  regarding  the  necessity  of  the  engi- 
neer instructing  the  attorney  in  the  elementary  principles  of 
•mechanics  or  engineering.  I  could  say  in  this  connection  that 
there  is  a  firm  of  attorneys  in  Philadelphia  at  the  head  of  which 
is  a  mechanical  engineer.  He  did  not  begin  to  study  law  until 
he  was  past  50,  and  on  being  questioned  as  to  why  he  studied  law, 
he  said  he  found  it  very  much  easier  to  study  law  than  to  teach  the 
lawyers  engineering.  The  firm  I  refer  to  is  one  of  the  prominent 
legal  firms  in  Philadelphia  in  matters  pertaining  to  patent  cases 
and  engineering. 

Another  thing  has  been  said  regarding  the  desirability  of  giving 
a  contract  to  a  bidder  who  is  above  the  lowest  bidder.  I  think 
almost  any  man  who  has  had  any  experience  would  discriminate  in 
favor  of  a  man  he  trusted  rather  than  one  whom  he  did  not  trust 
or  had  no  knowledge  of,  and  did  not  know  his  capacities  or  capa- 
bilities. But  there  is  another  side  to  that  question.  I  have  been 
up  against  it  very  frequently.  For  illustration,  say  you  have 
asked  bids  on  a  certain  proposition  and  the  bids  are  opened  and 
laid  before  the  owners,  and  you  express  a  preference  for  a  bidder, 
higher  than  the  lowest,  and  some  such  conversation  as  this  goes 
on  between  yourself  and  your  client:  "Why  should  I  pay  more 
to  this  man  than  I  pay  the  lowest  man  ?"  "Well,"  you  say,  "he 
is  a  better  man,  he  is  a  man  of  wider  experience,  a  man  better 
qualified  to  do  the  work,  a  man  in  whom  I  have  more  confidence." 
**Well,  aren't  the  plans  and  specifications  complete?"  You  say 
they  are.  "Well,  aren't  the  drawings  complete?"  "Yes.  as  far 
as  they  go."  "Isn't  everything  set  forth  that  is  required  to  be 
done?"  "Yes."  "Well,  don't  I  hire  you  to  see  that  this  is 
done  ?"     It  is  needless  to  say  that  there  is  no  answer  to  this. 

Mr.  C.  E.  Chandler:  The  impression  has  somehow  got 
abroad  that  expert  testimony  is  liable  to  be  biased,  misleading 
and  extravagant,  to  say  the  least.  This  impression  was  made, 
of  course,  by  medical  and  handwriting  experts. 

In  the  neighboring  states  of  Rhode  Island,  Massachusetts,  and 
Xew  York  somehow  people  are  coming  to  have  a  notion  that 
engineering  experts  are  becoming  infected  with  the  same  microbe. 
The  impression  is  perhaps  unwarranted,  but  I  think  the  danger 
is  sufiiciently  great,  and  the  matter  of  such  importance  that  this 
association  ought  to  establish  a  sort  of  quarantine,  and  prevent, 
if  possible,  the  inoculation  of  Connecticut  engineers. 
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Among  the  inany  humorous  sayings  and  wise  saying's  of  Mark 
Twain  none,  I  think*  is  more  humorons,  nor  more  wise,  nor  more 
vahiable  than  this:     IVhai  in  doubt  tell  the  truth. 

There  i^  always  a  doubt  of  the  advisability  on  the  witness 
stand  of  telling  anything  but  the  truth,  and  obedience  to  the 
maxim  will  keep  the  engineer  out  of  most  of  the  pitfalls  so 
ingeniously  scattered  along  his  path. 

There  are  three  most  excellent  reasons  why  the  engineer  in 
court  should  not  disobey  Mark  Twain's  injunction: 

1.  It  is  not  right  morally. 

2.  It  is  likely  to  hurt  the  engineer's  reputation, 

3.  It  is  likely  to  hurt  his  client's  case. 

Some  one  or  two,  if  not  all  three  of  these  reasons,  ought  to  appeal 
to  every  engineer.  Of  course,  the  engineer  in  court  is  not,  from 
the  very  nature  of  the  case,  a  wholly  disinterested  party,  and  even 
judges  are  considered  disqualified  to  sit  on  cases  in  which  they 
have  any  sort  of  personal  interest,  but  extravagant  testimony  has 
little  if  any  value — perhaps  sometimes  a  negative  value.  Courts 
and  committees  must  base  their  reports  on  the  law,  the  evidence, 
and  their  own  observation.  Naturally  each  party  puts  in  only  the 
evidence  they  think  useful  to  themselves.  If  the  engineers  on 
both  sides  give  reasonable  testimony,  the  decision  is  likely  to  be 
based  on  a  sort  of  average.  On  the  other  hand,  if  the  testimony 
on  one  side  is  extravagant  and  absurd  it  might  best  never  have 
been  given  so  far  as  its  effect  on  the  decision  is  concerned. 


Mr.  Brinsmade  (by  letter)  :  The  subject  treated  in  Mr,  Bush's 
paper  is  of  great  interest  to  niany  engineers,  and  their  number  is 
constantly  increasing,  not  only  due  to  the  greater  amount  of  con- 
tract work  being  done,  but  also  due  to  litigation  arising  in  con- 
demnation cases,  of  which  there  are  many,  usually  requiring  the 
services  of  engineering  experts. 

Principles  laid  down  by  Mr.  Bush  and  the  excellent  suggestions 
made  by  him  as  to  the  advisability  of  the  engineer  making  personal 
notes,  in  his  own  handwriting,  at  the  time  of  observations,  are 
equally  applicable  in  the  preparation  of  condemnation  cases. 

The  engineer  who  makes  the  preliminary  sur\^ey  for  water 
power  or  domestic  water  supply  developments  will  find  it  not  only 
greatly  to  his  personal  advantage,  but  will  also   furnish  good 
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foundation  for  expert  testimony  and  thereby  contribute  to  the 
cause  of  justice,  and  many  times  eliminate  wrangles  between  the 
attorneys  in  the  case,  by  carefully  following  this  rule  when  mak- 
ing his  observations. 

In  the  class  of  cases  alluded  to,  attorneys  do  not  generally  give 
the  engineer  sufficient  notice  for  him  to  properly  prepare  the 
case,  r^rcquently  property  of  great  value  is  involved  and  time 
should  be  given  for  the  engineer  to  make  all  necessary  observa- 
tions and  calculations.  If  engineers  will  insist  upon  having 
opportunity  to  properly  investigate  a  case  before  going  into  court 
to  testify,  and  then  frankly  express  to  the  attorney  for  whom  they 
are  preparing  the  case  their  opinion  on  the  engineering  points, 
no  matter  if  it  does  not  exactly  coincide  with  the  attorney's  pre- 
conceived notions,  or  of  those  of  his  client,  they  will  have  less  to 
regret  at  the  end  of  a  sharp  and  adroit  cross-examination. 

Mr.  Morton  (by  letter)  :  Mr.  Bush  in  his  excellent  paper  has 
called  attention  to  the  essential  features  in  the  relation  of  the 
engineer  to  the  contractor  in  construction  work,  and  his  sugges- 
tions, if  faithfully  carried  out,  would  result  in  protection  to  his 
client  and  fully  safeguard  his  interests. 

Reports,  memoranda  and  good  business  methods,  followed  in 
the  manner  indicated  by  Mr.  Bush,  could  not  but  result  in  a 
perfect  organization  of  the  engineering  work  and  closest  attention 
to  details,  which  would  not  only  protect  his  client  in  the  case  of 
future  suits  by  the  very  nature  of  the  care  and  business  methods 
inaugurated,  but  would  also  result  in  better  supervision  and  a 
clearer  understanding  between  the  engineer  and  contractor,  and 
tend  to  promote  hamiony  between  the  interests  which  sometimes 
become  antagonistic.  No  good  ever  results  from  contentions 
and  misunderstandings  between  two  essential  parts  of  the  con- 
struction work;  i.  e.,  the  one  preparing  the  plans,  overseeing 
the  work  and  giving  business  supervision  over  the  various  details, 
and  the  other  charged  with  the  faithful  and  efficient  performance 
of  the  construction.  The  contractor  also  has  his  troubles  in 
reconciling  the  heterogeneous  elements  in  his  working  force, 
promoting  the  good  feeling  necessary  to  harmonious  action,  as 
well  as  careful  scrutiny  over  loose  ends  and  waste,  which  often 
change  a  profital)le  contract  into  a  losing  one. 


THE    ENGINEER    IN    CDFRT. 


s»3 


No  set  of  specificalkms  is  ever  so  rigidly  drawn  or  so  compre- 
hensive in  its  terms  as  to  entirely  cover  the  many  unforeseen  and 
accidental  happenings  in  a  piece  of  work,  and  it  Is  largely 
dependent  upon  the  good  sense,  good  judgment  and  fair-minded- 
ness of  the  engineer  in  charge  to  prevent  friction,  delays  and 
unnecessary  trouble  when  such  occasion  arises. 

It  has  been  the  writer  s  fortune  to  have  appeared  more  or  less 
in  court,  at  times  representing  the  ckimants  and  again  the 
defendant.  An  engineer  on  the  stand  assumes  to  be  an  expert » 
and  as  such  is  subject  to  the  closest  examination  and  probing  of 
his  real  knowdedge  by  opposing  connsek  and  the  fact  that  he  is 
an  expert  does  not  carry  w-eight  with  the  judge,  jury  or  commis- 
sion, unless  he  is  prepared  to  demonstrate  in  a  clear  and  concise 
manner  and  beyond  successful  contradiction  any  statements  that 
he  may  make,  and  his  conclusions  must  be  based  upon  clearly 
enunciated  theories,  substantiated  by  facts  wdiich  can  be  proved 
and  demonstrated*  in  order  to  be  of  value  to  his  client.  This 
calls  for  a  most  thorough  preparation  on  his  part.  The  necessity 
of  such  preparation  h  not  alw^ays  apparent  to  his  own  lawyer^  and 
unless  such  preparation  is  allowed  and  proper  compensation  given 
therefor,  an  engineer  would  be  unwase  to  go  into  court  and  submit 
himself  to  rigid  ■'»*oss-examination  on  an  illy  prepared  case,  with 
its  consequent  inao  quate  presentation.  His  own  reputation  will 
suffer  thereby  and  he  had  best  decline  the  engagement.  No 
hearsay  evidence  is  allowed  or  admitted  and  what  someone  told 
him  is  not  admissible.  His  facts  must  be  derived  from  personal 
experience,  investigation,  and  from  w-ell-know-n  authorities,  or  his 
case  falls  to  the  ground.  In  water  power  cases,  which  are  most 
prolific  of  litigation,  sometimes  the  question  of  damage  is  on  an 
undeveloped  water  power.  This  involves  upon  the  engineer 
complete  designs  and  plans  for  a  hypothetical  development,  which 
must  be  made  in  absolute  fairness  to  l>oth  sides  and  upon  the  best 
possible  development  adaptable  to  the  locality  under  considera- 
tion. It  is  strange  to  say  that  this  plan  of  procedure,  of  such 
apparent  necessity,  is  often  ignored  by  engineers  in  the  prepara- 
tion of  their  testimony,  with  consequent  w^eakness  to  'their  own 
case  when  the  rehutlal  testimony  is  given,  Unless  such  plans  are 
prepared  the  proper  estimates  of  cost  cannot  be  made,  proper 
efficiencies  used  or  expenditures  and  receipts  estimated,  upon 
w^hich  depends  the  feasibility  and  profitable  character  of  the 
proposed  development. 
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Water  falling  down  hill  does  not  necessarily  mean  that  a  com- 
mercially feasible  development  can  be  made.  As  a  matter  of 
fact,  the  number  of  water  powers  that  are  advantageously  located 
and  can  be  developed  at  a  reasonable  cost  and  for  which  a  profit- 
able power  market  can  be  found  are  few,  and  water  powers  over- 
capitalized and  failing  to  come  up  to  expectations  become 
primarily  the  responsibility  of  the  engineer  if  the  flow  of  the 
stream  or  other  essential  features  are  not  correctly  ascertained. 

Water  power  damage  to  existing  enterprises,  through  diver- 
sion of  a  part  or  all  of  the  stream  flow  for  water  supply  or  other 
purposes,  can  be  made  theoretically  to  show  up  large  damages, 
sometimes  beyond  the  total  value  of  the  entire  property,  but  such 
figures  are  misleading,  capable  of  successful  criticism  and  do  not 
produce  big  awards  for  the  engineer's  clients.  There  are  many 
features  entering  into  the  practical  operation  of  the  plant  which 
the  engineer  must  take  into  account.  Water  powers  cannot  be 
produced  and  cannot  be  operated  without  cost.  Allowances  must 
be  made  for  a  reasonable  interest  on  the  construction  cost, 
depreciation  of  the  structures  and  machiner>%  repair  account, 
labor  account  and  general  expense  account,  and  when  all  these 
have  been  figured  it  sometimes  will  be  found  that  the  margin  in 
favor  of  the  water  power  as  against  the  production  of  the  same 
power  by  other  means  is  not  nearly  so  large  as  popular  opinion 
would  have  it,  and  yet  this  comparison  generally  measures  the 
value  of  the  water  power  to  the  owner  thereof,  or  the  amount  of 
damage  in  the  case  of  diversion  of  a  part  of  the  stream  flow. 

Water  powers  have  made  great  strides  in  the  past  few  years. 
due  to  the  electrical  transmission  of  the  power  derived  therefrom, 
but  it  also  must  be  borne  in  mind  that  the  art  of  steam  engi- 
neering has  also  advanced  rapidly  and  the  production  of  power  in 
large  units  reduces  the  cost  to  very  small  figures  per  horse  power. 
The  centralizing  of  power  and  the  enormous  growth  in  the  use 
of  electricity  which  has  caused  this  has  carried  with  it  an  increas- 
ing number  of  bright,  intelligent,  specialized  engineers,  which  has 
resulted  not  only  in  decreased  coal  consumption,  but  in  increased 
efficiency  of  management  and  extension  of  power  uses,  all  of 
which  has  materially  reduced  the  manufacturing  cost  of  power. 
It  is,  then,  of  primary  importance  that  the  engineer,  posing  in 
court  as  an  expert,  must  be  well  informed  on  all  these  matters. 
must  have  his  information  in  available  shape,  present  his  state- 
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ments  clearly  and  understandingly,  and  as  free  as  possible  from 
technical  phrases  and  to  the  full  understanding  of  the  layman 
mind.  The  writer  would  say  without  hesitation  that,  conceding 
the  engineer  of  proper  experience  and  knowledge  of  his  subject, 
the  complete  preparation  of  his  case  is  the  essential  feature  and 
the  one  most  likely  to  convince  others  of  his  own  earnest  and 
sincere  beliefs.  Next  to  this,  probably,  would  be  the  element  of 
fairness  with  which  he  handles  the  subject  and  the  avoidance  of 
any  appearance  of  bias  in  favor  of  his  clients. 


the  matter  of  usin^  wood  is  very  evident.  It  wotjld  seem,  there- 
fore, that  this  difFerencc  in  consumption  otig^ht  to  be  susceptible 
of  a  considerable  decrease  without  necessitating  excessive 
economy. 

The  principal  causes  of  lumber  waste  in  this  country  are  fire, 
wasteful  methods  of  logg-ing  and  turpentining,  waste  in  the 
mill  and  waste  in  the  use  of  w^ood. 
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In  addition  to  tlif  tremendous  loss  in  commercial  timber  by 
fire»  amounting  to  $5o»oqo,ooo  annually,  the  same  cause  destroys 
young  growth,  renders  the  streams  less  navigable  and  causes 
the  character  of  the  succeeding  growth  to  deteriorate. 

The  waste  in  k^ging^  due  to  leaving  mcrcliantable  trees  in 
the  woods,  to  cutting  high  stumps  and  long  tops,  to  breakage 
in  felhng  ami  to  the  use  of  good  timber  for  temporary  structures 
in  logging  operations,  amount  to  about  25  per  cent,  or  1,000  board 
feet  out  of  every  4,000  feet  logged. 


KtG.    2,      BENDING   TEST   ON    SMALI.   SPECIMEN. 

(2"  X  a'  X  30 '.) 


The  melliods  of  turpentining  at  present  in  vogue  in  the  south- 
eastern states  generally  render  the  forests  unproductive  in  from 
three  to  five  years,  when  it  is  abandoned  to  the  ravages  of  fire, 
to  which  the  trees  are  jiarticularly  susceptible  on  account  of  the 
inflammable  nature  of  the  resinous  faces.  L'nless  logging  follows 
soon  after  turpentining,  a  large  i>ercentage  of  the  boxed  trees 
becomes  so  wcakcnetl  by  fire  and  insects  as  to  cause  many  to  be 
blown  down  and  lost.  One-fifth  of  the  forests  worked  have  been 
thus  destroyed. 


If« 
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In  the  mill  about  one-third  of  the  log  goes  into  saw  kerf, 
edgings,  trimmings  and  slabs.  Part  of  this  loss  is,  of  course, 
unavoidable  under  the  present  methods. 

In  investigating  the  loss  incident  to  the  use  of  sawed  tiunber, 
it  is  difficult  to  estimate  closely.  In  the  building  trades,  which 
consumed  in  1907  about  60  per  cent,  of  the  sawed  lumber  used 
to  this  country,  the  loss  due  to  seasoning,  eliminating  defects 
and  fitting  to  final  form,  was  not  less  than  15  per  cent.  Furniture 
factories  show  a  similar  loss  of  30  per  cent,  and  box  factories 
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FIG.    3.      COMrkCSM(»Sf   VaST  iJffS   *„.  -  ;     1    _.:'i>. 

Note  vrinklc  ocu  top  vhere  ^^arv  kia  occmted. 

m  loss  of  20  per  cenL  Reports  from  a  nrnnber  of  lailr 
indicmte  a  loss  of  10  per  cent,  in  the  use  of  saved  hanherT 
while  vehide  and  in^cmeiit  manufacttinrrs  lost  ^xmt  ^  per 
cent.  This  gives  an  areiage  waste  of  17  per  cent,  in  the  use 
of  sawed  timber,  made  up  mosdy  of  sawdost,  diiiii^'i  and 
sznaU  hlocks,  ficarhr  all  of  wliicfa  is  tnuoed  wnder  iht  iaclmy 
boiQers  or  used  for  kiodling  wnod,  so  than  it  can  not  be  cq»» 
sidered  a  total  waste. 

Out  of  the  total  ctit  for  1907.  somt  40  tatStm  board  ieet 
into  sawed  hnnlKr,  and  of  this  ahoot  twt>-fiitts  W3^ 
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material,  siicli  as  scaiiding,  joist,  dimt-nsioii  ami  bridge  limbers. 
Packing  boxes,  implements  and  vehicles  take  another  fifth,  and 
of  the  material  not  used  in  the  fonii  of  sawed  lumber,  hewed 
railroad  ties,  telephone  poles  and  mine  timbers  made  up  a  very 
large  part.  In  all  these  uses  the  fitness  of  the  material  depends 
upon  such  qualities  as  ^rength,  stiffness,  hardness,  durability. 
or  adaptability  to  preservative  treatment,  as  the  case  may  be,  so 
that  a  knowledge  of  such  properties  for  the  various  species  of 
wood  become  essential  to  their  most  economical  use* 


Fit..,   4. 


OMi"RE^S[t>\   TESI     AT    RtGlIT    ANfC»UES    TO    (JKAl.N. 

Similar  10  action  of  rail  on  lie. 


When  the  lumber  industry  first  took  its  place  as  one  of  the 
principal  industries  of  the  country,  the  center  of  production  was 
in  the  New  England  states  ;  from  there  it  shifted  to  the  lake 
states,  and  tben  to  the  southeastern  slates,  where  it  was  in  1907 
and  where  it  will  probably  stay  for  a  few  years  longer.  The 
next  ntove  will  be  to  the  northwest.  Meanwhile,  the  price  of 
limiber  has  been  steadily  advancing,  an<l  this  fact,  taken  in 
connection  with  the  introduction  of  new  species  and  lower  grades, 
which  naturally  gu  with  an  increase  in  price,  has  caused  more 
attention  to  be  paid  of  late  to  the  ecrtnomical  use  of  wood  than 
in  the  past. 
3 
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When  wood  was  more  plentiful  than  it  is  now  and  the  cost 
of  manufacturing:,  as  compared  to  the  cost  of  stumpage,  was 
considerahly  higher  than  at  present,  it  was  often  chea]>cr  to 
use  structural  material  in  mucli  larger  sizes  than  necessary 
rather  than  go  to  the  expense  of  sawing^  it  to  smaller  sizes.  But 
such  conditions  have  under^iijone  a  change  and  the  tendency  is 
now  to  use  structural  lumber  heavy  enough  to  do  the  work 
safely  and  no  more.  This  situation  naturally  calls  for  accurate 
and  authentic  data  on  the  mechanical  properties  of  wood  used 
in  structural  operations. 


^' 


FIG.     5.       TESIING    A    WAGON    AXLE. 

Conditions  of  actual  use  reproduced. 


The  preservation  of  timber  by  the  use  of  creosote  ur  zin< 
chloride  has  made  a  rapid  advance  in  the  past  few  years.  Here 
again  it  becomes  necessary  to  carefully  investigate  the  mechanical 
properties  of  the  timber  after  it  has  been  subjected  to  the 
various  treatments  in  vogue.  It  may  be  advisable  to  increase 
the  life  by  preservative  processes  at  the  expense  of  the  strength 
and  stiffness  of  the  timber,  but  in  any  case  the  effect  of  the 
preserving  methods  in  vogue  should  he  known,  so  that  allowance 
can  be  made  in  the  design  of  the  structure  under  consideration. 


^ 
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The  main  i>ur])use  oi  «jiic  of  the  divisions  of  thv  Forest  Service 
is  to  fiimisli  infomiation  that  will  aid  in  a  closer  utilization 
of  forest  pntducts.  Investie^ations  for  the  purpose  of  securing 
such  inforntation  are  conducted  along  three  general  lines: 
Timber  tests,  wood  preservation,  and  wood  chemistry.  Timber 
tests  are  carried  on  in  laboratories  at  several  points  throughout 
the  country,  generally  in  cooperation  with  some  large  university. 
At  present  the  Service  has  laboratories  at  San  Francisco,  Cab, 
Seattle,  Wash.,  Boulder,  Colo.,  I^fayette,  Ind.,  and  New  Haven, 
Conn.     These  laboratories  are  ecptipped  with  testing  macliines, 


FIG,    6,       WAGON    POLE    UNDER    TEST. 


generally  of  the  Olseo  or  Riehle  type,  suitable  for  making  bending 
or  compression  tests  on  timber  in  large  or  small  sizes,  and  some 
have,  in  addition,  impact,  torsion  and  abrasion  machines.  Most 
of  the  material  tested  is  furnished  by  parties  interested  in  the 
results,  generally  through  the  medium  of  associations. 

During  the  past  few  years  tests  have  been  made  on  a  number 
of  species  of  structural  timber,  inchiding  Douglas  fir.  tamarack, 
longleaf  pine,  loblolly  pine  and  western  bemlcKk.  Tests  have 
also  been  made  on  vehicle  parts,  such  as  axles,  spokes,  poles  and 
shafts ;  on  packing  boxes  and  various  other  special  forms.    Tests 


are  publishetl  from  time  to  time  in  circtilar  form.  The  associa- 
tions cooperating  in  the  various  Unt*s  of  work  arc  furnished 
with  monthly  progress  reports. 

The  preservation  of  wood  by  the  injection  of  chemicals 
has  made  it  possible,  in  ;i  number  of  cases,  to  substitute  tJie  cheap. 
abundant  woods  for  those  of  higlier  quality.  It  has  made  avail- 
able a  new  source  of  supply,  decreasing  the  drain  on  vakiablc 
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is  now  being  disposed  of  and  the  land  rapidly  cleared  so  that 
it  can  be  reforested. 

Diiringf  the  coniingf  summer  the  Service  hopes  to  equip  and 
install  an  exjjcrimental  wocxl  preservation  laboratory.  Part  of 
the  apparatus  for  this  laboratory  has  already  been  built  and  the 
rest  is  under  construction. 

For  the  past  three  years  a  small  experimental  pulp  laboratorv- 
has  been  maintained  for  the  purpose  of  investigating  the  suit- 
ability  for  pulp  of  woods  not  now  used   for  this  purpose  and 


FIG.   9,      PACKING    BOX    CNUEK   TEST,    SHOWING   ICAKNSR   OF  FAILURE. 

which  are  not  especially  vahiable  for  lumber.  Several  western 
woods,  not  of  higfh  value  for  lumber,  have  been  proved  to  make 
good  commercial  grades  of  pulp  by  the  ordinary  sulphite  process. 
Among  these  are  white  fir»  lowland  fir,  Engelmann  s[)ruce  and 
lodgepole  pine.  The  white  fir  yields  a  pulp  equally  as  valuable 
as  that  obtained  from  the  eastern  spruce.  Several  eastern 
woods  which  arc  not  used  to  a  large  extent  for  either  lumber 
or  pulp  have  proved  capable  of  furnishing  grades  of  pulp  suit- 
able for  wrapping  papers  and  similar  uses.  Among  these  are 
scrub  pine  and  tupelo  gum.     Experiments  are  greatly   needed 
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to  show  what  results  may  be  expected  from  the  utilization  of 
waste  in  logging  and  mill  operations  for  pulp  materiaL  Pre- 
]iminar>^  tests  ha%x  been  made  in  cooperation  with  the  Bureau 
of  Plant  Industry  to  determine  the  |3ossibility  of  making  pulp 
from  fibers  other  than  wood.  A  number  of  tests  have  been  made 
on  cornstalks,  and  sonie  on  cotton  stalks  and  rice  straw.  The 
results  are  such  as  to  warrant  a  more  careful  study  of  the  possi- 
bility of  using  these  and  other  classes  of  fiber.  The  work  of 
the  pulp  labjratory  offers  a  means  of  lessening  the  demands  on 


m 


Fru.    lo.       TORSION   TKST   ON    HiCICaRY. 

vahiable  woods  of  limited  quantity  by  bringing  into  use  species 
now  of  little  commercial  value,  of  saving  a  large  amount  of 
inevitable  waste  in  lumbering  and  sawmill  operations;  also  of 
opening  up  a  new  source  of  supply  for  pulp  from  waste  farm 
materials. 

Disi illation  offers  another  means  of  utilizing  the  present  waste 
in  logging,  mill  and  manyfacturing  i*perations.  In  this  process 
such  products  as  wood  turpentine,  wood  alcohol,  acetate  of  lime, 
charcoal  and  tar  are  recovered.  A  number  of  plants  have  been 
started  in  the  southern  states  in  connection  with  sawmills »  but 
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on  account  of  present  low  price  of  turpentine,  a  numl^er  of  them 
have  been  discontinued  as  unprofitable  from  a  business  stand- 
point. Nevertheless,  it  seems  merely  a  matter  oi  time  when 
operations  of  this  character  will  he  conducted  much  more  exten- 
sively. The  Service  has  just  finished  the  construction  of  a  special 
type  of  ^ti!l  for  investigating  the  quality  of  turpentine  pro<luced 
by  different  methods,  and  it  is  thought  that  investigations  con- 
ducted with  it  will  he  of  assistance  in  settling  many  disputed 
questions  coucc ruing  the  wr^rth  of  wood  turpentine. 


m 


FJt;.    :i,       SECTIONS    CLiT     FROM     5      X    12      X    l6     STICKS    OF    LOULOLLY     IMNE, 

SHOWING    RANUE   IN    RATK  OF   GROWTH    ANU   PROFORTION 

OF   SUMMKR    WOOD. 


It  is  the  intention  of  the  Service  some  time  during  the  present 
year  to  consolidate  its  lalDoratories  in  the  eastern  United  States 
into  one  central  laboratory,  to  be  located  at  some  large  university 
in  the  vicinity  c^f  Chicago.  This  laboratory  will  include  work  in 
wood  preservation,  timber  tests,  wood  pulp  and  wood  distillation^ 
and  it  will  be  tlie  earnest  endeavor  of  its  staff  to  furnish  informa- 
tion which  will  be  of  practical  use  in  decreasing  the  present 
waste  in  the  use  of  timber. 

In  investigating  the  effects  of  knots  and  cross  grain  on  beams, 
it  was  found  that,  when  these  defects  occur  near  the  bottom  or 
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tension  face,  failure  is  nearly  always  due  to  their  presence, 
\\'hen  the  tension  face  is  free  from  defects,  and  knots  occur  on 
the  top  or  compression  face,  the  beams  will  fail  first  in  compres- 
sion. When  both  tension  and  compression  faces  are  clear,  defects 
occurring  in  other  parts  of  the  beam  have  little  influence  on  its 
strength.  The  results  of  a  series  of  tests  on  5"xi2"xi6' 
loblolly  pine  beams  show  that  those  containing  knots  in  the 
middle  half  within  a  couple  of  inches  of  the  top  or  bottom  face, 
have  about  75  per  cent,  of  the  strength  of  beams  clear  in  the 
same  portions. 

Shakes  and  seasoning  checks  operate  to  divide  a  beam  into  two 
parts,  and  cause  it  to  fail  h}^  what  is  called  horizontal  shear;  that 
is,  splitting  from  the  end  toward  the  middle  rather  than  by 
tearing  apart  in  tension  at  the  middle. 

The  most  common  shake  is  a  ring  shake*  which  is  a  separation 
of  the  stick  between  two  annual  rings.  It  is  a  common  belief  that 
such  shakes  are  caused  by  the  action  of  the  w^ind  in  swaying  the 
tree  from  side  to  side,  although  the  correctness  of  this  view  has 
never  been  proven. 

Seasoning  checks  are  caused  by  strains  arising  from  unequal 
shrinkage.  The  end  of  a  stick  generally  checks  along  the  planes 
of  the  radial  fiber.  When  the  stick  is  dried,  its  ends  shrink  before 
the  drying  action  reaches  the  interior  gf  the  stick  and  thus  tend 
to  become  smaller,  while  the  cross  section  nearer  the  middle  is 
still  of  its  original  size.  The  fibers  at  the  ends  of  the  stick  are 
bent  in,  until  the  strain  becomes  so  great  that  they  separate  and 
return  to  their  original  position,  checks  being  opened  up  in  the 
process.  Practically  the  same  thing  happens  when  the  stick 
checks  along  its  sides. 

A  series  of  tests  was  carried  out  at  the  Forest  Service  labor- 
atories on  vehicle  woods,  including  maple  and  hickory  axles; 
southern  pine,  Douglas  fir  and  oak  poles :  hickory  and  oak  shafts, 
and  hickory  spokes.  In  making  tests  of  this  character  on  material 
in  finished  form,  the  test  rigging  was,  whenever  possible, 
arranged  to  reproduce  the  conditions  which  the  specimens  would 
meet  with  in  actual  service.  These  tests  were  made  with  the 
object  of  investigating  the  correctness  of  some  of  the  present 
grading  rules  for  vehicle  stock,  and  of  comparing  the  properties 
of  standard  woods  and  possible  substitutes.  It  was  found  that 
the  prejudice  against  red  hickory  spokes  was  unfounded,  and  that 
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many  spokes  now  thrown  into  the  lower  grades  on  account  of 
their  red  color  should,  from  their  strength  and  toug'hness,  be 
placed  in  higher  grades.  In  view  of  the  results  of  these  tests,  a 
committee,  representing  a  large  part  of  the  vehicle  manufacturers 
of  the  country,  has  recently  recommended  that  the  present 
grading  rules  for  vehicle  stock  be  revised  and  red  hickory 
material  be  given  its  proper  place. 

On  account  of  the  scarcity  of  hickory,  numerous  attempts 
have  been  made  to  find  a  wood  that  could  be  used  in  its  place. 
It  is  probable  that  no  species,  growing  in  commercial  quantities 
in  the  United  States,  possesses  the  qualities  of  strength  and 
toughness  to  the  same  degree  as  hickory.  California  eucal)rptus 
comes  nearest  to  hickory  in  mechanical  properties,  but  it  is  diffi- 
cult to  dry  without  warping  and  checking.  These  difficulties  can, 
however,  probably  be  overcome  with  the  proper  system  of  drying. 

Impact  tests  have  been  made  on  a  number  of  woods  to  find 
their  ability  to  resist  failure  under  repeated  loads.  In  making 
these  tests,  the  specimen  is  generally  in  the  form  of  a  small  stick 
about  2"  square  and  30"  long.  It  is  supported  at  the  ends  and  a 
weight,  sliding  between  vertical,  fixed  supports,  is  allowed  to 
fall  on  it  from  increasing  heights  until  it  breaks.  A  pencil  is 
attached  to  the  weight,  or  hammer,  and  arranged  to  bear  against 
a  revolving  drum,  covered  with  sensitized  paper.  When  the 
weight  falls,  this  pencil  makes  a  record  of  the  deflection  of  the 
stick  under  the  blow,  and  also  shows  the  height  of  the  rebound. 
Beams  tested  under  such  conditions  of  rapidly  applied  load  will 
bend  twice  as  much  and  stand  twice  as  much  stress  before  the 
elastic  limit  is  reached  as  when  tested  under  ordinary  static 
loading. 

The  spike-holding  power  of  a  number  of  woods  has  been  tested. 
The  spikes  were  driven  into  railroad  ties  and  pulled  out  by  means 
of  a  testing  machine.  The  screw  spike,  common  in  European 
railroads  and  used  to  some  extent  in  the  United  States,  was  found 
to  have  about  twice  the  holding  power  of  the  common  spike. 
White  oak  had  the  greatest  holding  power  of  the  species  tested. 

A  series  of  tests  was  made  on  wooden  packing  boxes.  Several 
species  were  used,  and  various  forms  of  battens  were  tried.  A 
stronger  box  is  made  by  driving  most  of  the  nails  through  the 
ends  of  the  side,  top,  and  bottom  boards  into  the  end  boards 
rather  than  into  the  battens.    Cottonwood  and  red  gum  made  the 
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strongest  boxes.  The  other  species  tested  were  loblolly  pine, 
western  spruce,  western  hemlock  and  w^hite  pine. 

The  influence  of  moist  ore  on  a  nnmber  of  species  was 
thorough ly  investigated.  It  was  foinid  that  small,  clear,  green 
pieces  could  be  increased  in  strength  about  three  tinier  by  being 
carefully  dried.  This  increase  in  strength  does  not,  however, 
occur  in  the  case  of  structural  timber  dried  out  from  a  green 
state,  except  to  a  limited  degree.  As  structural  timber  is  com- 
monly handled,  the  drying  process  induces  defects,  such  as 
checks  and  shakes,  which  tend  to  offset  any  increase  in  strength 
in  the  wood  fiber  due  to  drying,  and  to  render  the  piece  as  a 
whole  little  if  any  stronger  than  when  green. 

In  the  case  of  a  series  of  tests  made  on  green  and  seasoned 
short  leaf  pine,  an  increase  in  strength  of  some  20  per  cent,  of 
the  seasoned  material  over  the  green  was  noted.  These  sticks 
were,  however,  seasoned  with  unusual  care,  and  in  a  majority  of 
cases,  it  is  not  safe  to  count  on  an  increase  in  strength  due  to 
seasoning  structural  material. 

Tests  are  now  in  progress  on  tanbark  oak,  the  eucal>^tus, 
several  species  of  hickory  and  western  larch.  Tanbark  oak  is  a 
California  w^ood,  cut  almost  entirely  from  its  bark,  and  generally 
left  on  the  ground  to  decay  unless  it  can  be  used  as  fuel.  It  is 
much  too  valuable  a  wood  to  be  allowed  to  go  to  waste  in  this 
way,  especially  in  view  of  the  scarcity  of  hardwoods  in 
California. 

The  trunk  af  a  tree  is  made  up  of  concentric  layers  of  annual 
growth.  Each  layer  consists  of  two  bands,  one  of  dense,  dark 
material  (summer wood),  and  one  of  more  porous,  lighter  colored 
material  (springwood).  The  summerwood  is  much  stronger  and 
heavier  than  the  springwood.  On  this  account,  the  weight  and 
strength  of  wood  depends  largely  upon  the  proportion  of  sum- 
merwood in  the  annual  rings.  In  general,  the  strength  of  various 
species  varies  directly  with  the  weight,  although  there  are 
exceptions  to  this  rule.  Fast-growing  woods  are  generally  con- 
sidered weak,  but  this  does  not  always  hold  true,  as  shown  in  the 
case  of  sapling  hickory  and  second-growth  red  oak.  both  of  which 
are  exceptionally  strong  and  tough. 

in  investigating  the  effect  of  rate  of  growth  on  the  strength  of 
wood  used  for  structural  purposes,  it  was  found  that  as  a 
general  rule  the  strength  and  specific  gravity  increase  in  a  fairly 
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uniform  manner  with  the  number  of  rings  per  inch,  until  a  point 
is  reached  correspondiner  to  the  maximum  vigor  in  the  growth  of 
the  tree,  where  the  annual  rings  have  their  largest  proportion  of 
summerwood ;  after  this  the  strength  decreases  with  the  increas- 
ing fineness  of  the  rings  put  on  by  the  tree  in  its  old  age.  In  the 
case  of  Douglas  fir,  the  strength  increases  with  the  rings  per 
inch  up  to  about  eighteen  rings ;  after  that  the  strength  falls  off. 
The  sapwood  of  a  tree  includes  the  outer  portion  of  the  trunk, 
and  forms  a  passage  for  the  transportation  of  the  food  supply 
between  the  roots  and  the  crown.  Inside  of  the  sapwood  is  the 
heartwood,  which  contains  no  living  tissue.  The  heartwood  is 
generally  darker  in  color  than  the  sapwood,  but  the  per  cent,  of 
moisture  in  the  sapwood  is  much  larger  than  in  the  heartwood. 
As  a  rule,  the  heartwood  of  a  log  cut  from  a  mature  tree  is 
stronger  and  heavier  than  the  sapwood.  The  reason  for  this  is 
that  the  rings  in  the  heart  were  formed  when  the  tree  was  young 
and  vigorous.  The  change  from  heart  to  sap,  in  itself,  has  no 
influence  on  the  strength.  The  sapwood  of  a  log,  which  generally 
represents  the  growth  of  the  tree  during  its  old  age,  is  weaker 
and  lighter,  on  account  of  its  period  of  formation  and  not 
because  it  is  sapwood. 


SOME    NOTES    ON    THE     COST    OF    CON- 
STRUCTING SEWERS. 

By  /.  Frederick  Jackson,  Mem,  Conn.  Soc.  C,  E. 

Tlie  keeping  of  cost  accounts  is  utidoubtedly  very  helpful  to 
the  engineer,  who  has  had  particular  charge  of  the  work  under 
consideration,  and  who  is  able  to  bring  to  the  analysis  other 
knowdedge  than  that  of  the  figures  involved.  Tlie  study  of 
the  figures  will  he  helpful  to  any  engineer  who  may  desire  to 
get  a  line  on  the  same  class  of  work;  but  he  will  need  to  consider 
conditions^  which  perhaps  do  not  show  in  the  cost  account  and  on 
which  each  one  must  put  his  own  value.  If  there  were  some  uni- 
form method  of  reporting  costs  it  might  be  possible  to  compare 
and  analyze  the  work  in  different  localities,  but  to  devise  a  form 
which  would  take  account  of  factors  which  can  not  be  expressed 
mathematically  and  on  which  each  one  must  put  his  own  value, 
is  quite  a  problem.  It  is  very  difficult,  unless  one  is  working 
wnth  and  under  a  system  prepared  in  advance,  to  obtain  the 
actual  distribution  of  cost  on  any  work,  and  this  is  especially 
so  on  the  sewer  work  here  described,  wdiere  the  sizes  in  most  of 
the  contracts  var}^  and  w"here  the  gangs  are  so  organized,  or  rather 
disorganized,  that  part  of  one  may  be  working  on  one  section 
one  hour  and  the  next  on  an  entirely  ditTerent  one.  These  notes, 
therefore,  in  some  instances  may  not  be  as  clear  as  desired, 
but  on  the  whole  the  distribution  is  fairly  accurate*  I  have 
not  reduced  the  cost  to  units  in  these  notes,  leaving  it  to  each 
one  to  make  his  own  analysis,  after  stating  conditions,  quantities 
and  costs  as  clearly  as  possible. 

The  first  piece  of  w'ork  described  consists  of  676  feet  of 
36-inch  reinforced  concrete  sew^er  on  pile  and  timber  foundation, 
as  shown  in  section.  It  was  built  across  meadow^  land  and  had 
4  manholes;  the  concrete  was  1:3:6  for  the  foundation  and 
1:2:4  for  the  remainder. 
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5    cubic  feet  i:  3:  6  concrete,  per  lineal  foot. 
8 J  cubic  feet  1 :  2:  4     *'       *'        "  ** 

6J  feet  B.  M.  12"  timber  per  lineal  foot. 

18      •*         •'       4" 

9       *'         '*        2 

i  pile, 

2  i"  plain  bars  4'-6"  long. 
3-9"  spikes. 
6-5"       '• 

The  account  was : 

PILING. 

24     days  foreman    cost     $120.00 

24        "      engineer   "  106.00 

7S        "      labor    "  160.00 

CONCRETE. 

82.5  days  labor  on  1:3:6  cost     $15465 

82.5     "      superintendence,  1:3:6   "         632.00 

61.5     "      labor,  invert  1:2:4  "  1 16.00 
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125.5  days  superintendence,  1:2:4 cost  $676.00 

58.9     "      labor  arch,  1:2:4 "  Ii374 

1 17.8     "      arch  superintendence,  1:2:4  "  648.00 

6        "      labor,  manholes  "  16.50 

6        "      superintendence   "  330O 

The  high  value  of  the  item  of  superintendence  is  due  to  both  members  of 
the  firm's  time  being  included.. 


1:3:6 


1:2:4 


1:2:4 


MATERIALS. 

162  bbls.  cement  cost  $226.80 

1,944  cubic  feet  sand   "  39-00 

3,888  cubic  feet  stone    "  262.00 

invert 

178  bbls.  cement  "  249.20 

1,426  cubic  feet  sand   "  28.50 

2,858  cubic  feet  stone    "  19150 

arch 

115  bbls.  cement  "  161.00 

920  cubic  feet  sand "  18.40 

1,840  cubic  feet  stone "  122.28 

1 ,807  lbs.  X  inch  steel  bars "  72.25 

2  arch  forms  8  feet  long "  14.75 

I  manhole  form   "  40.00 

Screeds  and  outside  forms  "  120.00 

The  second  piece  had  1,801.4  feet  of  36-inch  egg-shaped  con- 
crete sewer  on  timber  cradle  as  shown  in  section,  average  cut 
13  feet,  through  sand  and  gjavel  with  some  water  at  the  start;  62 
feet  of  36-inch  brick  curve  average  cut  14  feet :  8  catch  basins,  1 1 
manholes.  A  300-foot  cable  was  used  for  the  excavation.  The 
concrete  was  1:3:6  for  the  foundation  and  1:2:4  for  the 
remainder.  It  was  mixed  and  placed  by  hand,  chutes  being  used 
to  deposit  it  in  the  ditch,  sand  and  gravel  for  the  concrete  was 
obtained  on  the  work. 

The  account  was : 


260     days  labor  mixing  concrete 


109 
71 

959 

402 

208 

286.5 
93.3 
24.8 
63.8 
52.S 


.cost  $  741.52 


placing        " 
tamping      " 

excavation    "  1,737-88 

backfilling   "  601.00 

sheathing  and  bracing "  37576 

screening  gravel  "  S04.83 

moving  and  setting  up  forms "  168.92 

hauling  surplus "  140.30 

moving  engine  and  cable "  212.84 

cleaning  and  patching  forms  "  114.44 


44  TWENTY-FIFTH   ANNUAL   MEETING. 

Watchmen   cost  $     42.0a 

831  bbls.  cement  "  i,37i.i5 

236  cubic  yards  sand  "  71.00 

471.5  cubic  yards  gravel  "  50400 

19.S  tons  coal  "  98.00 

Rental  of  forms  "  390.00 


J  cubic  yard  concrete  per  lineal  foot. 

The  following  are  examples  of  brick  and  concrete  combined. 
In  the  first  there  were  907  feet  of  43-inch  rectangular  section 
on  pile  and  timber,  average  cut  7  feet  through  filling  mud  and 
water;  19  feet  of  same  section  on  grillage,  average  cut  8.5 
feet;  65  feet  36-inch  brick,  average  cut  9  feet  through  sand, 
gravel  and  water;  55  feet  24-inch  8-inch  work  through  same 
material,  average  cut  8  feet ;  98  feet  24-inch  8-inch  invert, 
through  same  material ;  100  feet  lo-inch  pipe  culvert,  8  manholes. 
I  dolphin. 

The  account  was : 


31      days  foreman cost   $  108.50 


189 
485 


labor 


piles 


378.00 
1,018.00 


43- INCH    SECTION. 

121      days  mason   cost  $   544.00 


81 
1.429 


foreman 
labor    . . . 


162.00 
2,341.00 
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haunch  walls,  average  cut  9.5  feet  through  sand,  filling  and 
water:  27  feet  of  18-inch  vitrified  pipe,  average  cut  11  feet 
through  sand,  filling  and  water;  52.6  feet  of  12-inch  vitrified 
pipe,  average  cut  9.5  feet  through  same  material;  54  feet  of 
lo-inch  pipe  culvert;  11  feet  12-inch  pipe  culvert;  3  catch  basms, 
3  manholes. 

The  account  was : 

80     days  mason    cost  $  442.00 

126        "      concrete  labor   "  220.00 

126        "      placing  steel  **  220.00 

93        "      excavation  labor   "  1,391.50 

75        "      backfilling       "       "  1 12.50 

S2        **      sheeting  trench    **  58.50 

22        "      forms  sheeting '*  38.50 

296     bbls.  Portland  cement **  660.00 

263     bbls.  Rosendale    "          "  263.00 

1 16     cubic  yards  sand    '*  87.00 

231      cubic  yards  stone   *"  34500 

114.5  M  brick "  1,14500 

171     piles "  600.00 


60  inch  circular. 


Those  are  some  examples  of  brick  sewers.  The  first  had 
60  feet  of  36-inch  circular  brick  sewer  with  haunch  walls  on  piles 
and  timber  foundation,  in  water ;  40.2  feet  36-inch  circular  on 
grillage,  average  cut  7.5  feet  through  sand  and  water ;    555  feet 
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40       piles    cost     $200.00 

6,650       feet  B.M.  timber  "  167.35 

Spikes   "  10.00 

36-IXCH   EGG-SHAPED. 

53       days  mason  cost  $  233.20 

10  "      foreman    "  36.00 

398         "      labor  "  624.00 

16.5       "      team    "  80.50 

100       M  brick  **       i.ooo.oo 

194       bbls.  cement "  194.00 

30- 1  NTH    EGG-SHAPEU. 

92.75  days  mason cost  $   408.10 

2C.75     **       foreman    "  41.60 

768.4       "      labor    "  1.280.69 

32          "      team    **  233.00 

126       M  brick   '*  1,260.00 

257       bbls.  Rosendale  cement "  257.00 

Timber   *'  190.90 

24-IXCH    EGG-SHAPED. 

41        days  mason    cost  $301.40 

8          "      foreman    "  16.00 

35T.75     "      labor  ••  441.77 

18.5        "       team    "  78.00 

38        M  brick    **  380.00 

102       bbls.  Rosendale  cement  "  102.00 

18-INCH,    15-INCH,    12-INCH    VITRIFIED    PIPE,    CATCH    BASINS,    ETC. 

33.5     days  mason   cost  $   366.30 

34  "       foreman   **  68.00 

565  "       labor   *'        1 ,094.00 

33.5       "       team    "  14350 

81        M  brick   "  810.00 

201        bbls.  Rosendale  cement  "  201.00 

The  second  consisted  of  515  feet  30-inch  egg-shaped  sewer, 
average  cut  14.8  feet  through  sand;  468.6  feet  24-inch,  average 
cut  14.3  feet  through  sand;  16  feet  of  15-inch 'vitrified  pipe 
sewer,  average  cut  13.5  feet  through  sand;  203  feet  lo-inch 
pipe  culvert:  5  catch  basins,  6  manholes.  It  was  built  in  a 
street  which  had  a  dcnible-track  car  line,  traffic  on  one  of  w-hich 
could  not  be  interrupted. 
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104.5  ^^^t  24-inch  on  grillage,  average  cut  9  feet  through  sand 
and  water;  866.7  ^^^^  of  24-inch  on  2-inch  cradle,  average  cut 
14.5  feet  through  sand  and  water ;  4  feet  of  18-inch  vitrified  pipe, 
average  cut  14.5  feet  through  sand;  373.4  feet  15-inch  vitrified 
pipe,  average  cut  14  feet  through  sand;  302.3  feet  12-inch  vitri- 
fied pipe,  average  cut  11.2  feet  through  sand;  218  feet  of  lo-inch 
pipe  culvert;  2  catch  basins  on  piles,  8  other  catch  basins,  12 
manholes.  This  work  was  discontinued  in  December  on  account 
of  frost.  It  was  resumed  the  following  April,  the  12-inch  vitrified 
pipe  put  in  and  the  work  completed. 
The  account  was : 

24-IXCH   ON   PILE  AND  TIMBER. 

52  days  mason    cost  $286.00 

239.5     "      labor  *•  398.40 

21  M  brick "  210.00 

69  piles,  15  to  30  feet  in  length "  250.00 

24-I>^CH  ON  2-INCH  CRADLE. 

61  days  mason    cost  $335.00 

460        "      labor  "  764.00 

45        "      team    .^ "  13500 

95  M  brick * "  95.00 

18-INCH,  15-INCH,   12-INCH  AND  CATCH  BASINS. 

20     days  mason    cost  $1 10.00 

224        "      labor  '*  372.00 

1.5     "      team    "  6.50 

28     M  brick "  28.00 

CEMENT  ON  ALL  THE  WORK. 

358     bbls.  Rosendale    cost     $358.00 

14     bbls.  Portland    "  3550 

6,067      feet  B.M.  timber  "  146.00 

The  second  piece  had  149  feet  of  24-inch  with  haunch  walls,  on 
pile  and  timber  foundation,  average  cut  2  feet  through  mud  and 
water ;  30  feet  of  24-inch  on  grillage,  average  cut  8  feet,  through 
sand  and  water;  120  feet  of  24-inch  on  cradle  average  cut  12 
feet  through  sand;  918.7  of  15-inch  vitrified  pipe  average  cut 
12  feet  through  sand;  503.8  feet  of  12-inch  vitrified  pipe,  average 
cut  12  feet  through  .sand:  503.8  feet  of  12-inch  vitrified  pipe, 
average  cut  11.8  feet  through  sand;  t88  feet  of  lo-inch  pipe 
culvert ;  2  catch  basins  on  piling,  7  other  9atch  basins,  12  man- 
holes. 
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The  account  was : 

24-INCH  ON  PILE  AND  TIMBER. 

60     days  mason   cost 

234       "      labor   " 

yy     piles,  15  to  30  feet  long " 

31     M  brick " 

54     bbls.  cement " 

840     feet  B.M.  timber  *' 

15-INCH,  12-INCH  AND  CATCH  BASINS. 

20     days  mason    cost 

20        "      foreman    ** 

359        "      labor    " 

40     M  brick " 

97     bbls.  cement 


$330.00 

388.44 

300.00 

31.00 

54.00 

202.00 


$110.00 

110.00 

696.00 

40.00 

9700 


The  three  following  give  some  idea  of  the  labor  cost  of  doing 
work  in  mid-winter  weather,  with  from  6  to  18  inches  of  frost. 
No  note  was  made  of  the  amount  of  materials  used.  The  work 
consisted  of  375  feet  of  24-inch  egg-shaped  sewer,  average  cut 
10  feet  through  sand  and  loam;   30.7  feet  of  18-inch  and  219.5 


24-inch  egg-shaped. 

84  brick  per  lineal  foot. 

\  bbl.  of  cement  per  lineal  foot. 
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i8  Inch 


f.     I 


jsCd 

o 


15  Inch 


1 

O 


12  Inch 


>  Inch 


3 


<   ! 


O    5; 


o 
3: 


(I). 
(2). 

(3). 
(4). 

(5). 
(6). 
(7). 
(8). 
(9). 


341-7 


419.3 


12.6 


13 


sand 

loam 

gravel 

sand 

loam 

',  gravel 

283.6'   13      sand 

>  sand 

441.8    13     loam 

gravel 

««.,  Q  ,,   .    sand 

2°7.»  "-4  gravel 

sand 

i-^A  -  .,   .'  sand 
"^'^•S  "-Si  gravel 

«-  .,    .«      sand 
*7'    "     loam 

341  ■  -•      '""'' 


II 


loam 


406.8: 

40 

373.7 
684.6 

509.4 

231.8 

166 

519.6 

1493.0 


13 


13 


I  sand  I 

1 1. 5   loam  I 

gravel 

.  sand  i 

12.5;  loam  I 

I  gravel 

sand 

sand 

loam 

gravel 

sand 

gravel 

sand 

loam 

sand 

gravel 

sand 

loam 

sand 

loam 


76        3;   5 


58 


2;  4. 


12.4 


"5 


68 

2    4 

60 

4    7 

80 

3    5 

87 

••     3 

134 

5    5 

40 

I    3 

95 

311 

(I). 

(2). 

(3). 
(4). 

(5). 

(6). 


407.7    9-5 


641.5    13 

I 


sand 


rock 
water 


384      10 


561.8  12.5 


1091     1 1.  5 


326.4    12 


{  loam 
rock 
water 
loam 
rock  ' 
water  , 
loam  : 
rock 

sand 
loam 


437-9  II. 5 
750.6    12 

57-5    II 

■         i 

481. 1    12  j 


sand 
30    12.5    rock 


loam 
rock 
water 
loam 
rock 
water 
loam 
rock 
loam 
sand 
rock 
filling 
cla}' 
rock  j 


581 


sand 


385.4 
47.612.1    sand 


135  7  9    855.4 

;  I 
i 
226      121320S7.0 

133     I  6|  8 I2IO.S 

138     i  3I  6'    113. 3 

!  I 

64    I  I  3;  211. o 


48     '  3    5 


1-33 


(I). 
(2). 

(3). 

(4). 

(5). 
(6). 

(7). 


300 
231 


10 


3293 
604 


sand  I 

sand  ; 

^"    : gravel j 

I  sand  ! 

^    gravel 

13 


sand 
loam 
424    12.5    sand  I 
400.2  II. 6    sand  I 

231. 5I  13  '  "''"'^^ 
^  ^     ^     watei 


34 


.;   I 
.     I 


48  2    4!. 

17  ..     3:. 

63  ,    l|  2  . 

34  '..:  I- 
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Foreman 


Mason 


Labor 


Tbams 


I 


I 


S 


Brick 


Cbmbnt 


24  ;i32.oo444.5;  674.73;  "  :  60.50 


I 


25    250.00  64164. 00 


14'  28.00      9  .  49. 50: 


15 
24 

20 


30.00'   II      60. 
48.00   20  'no, 


40. 


13!  26. 

I 
I 


00'  14  77. 

00     3  16, 

15  82. 

14  77 

40120.00    36  198. 


259  !  430.00      7 
.00' 


265 
422 


307 


300 


440. 
700. 


509 


35.00 


12  1120.00 


Contractor 
as  foreman 


I 


14 

8 

144.5    240. oo'     3  I  13 

0014.5  43 

2  10 

7  35 


3535.00 

00:38  38.00 

.00:  22  1220.005050.00 


13    130. 


484. 


217       236. 

! 
137  i  181. 


00 16.5 165. 
00  5.4  54. 
30  23  230. 

00!     8  I  80. 


00    25 

i 


3939.00 
12.12.00 
58  58.00 
2424.00 
250.004848.00 


90 


Contractors 
as  foremen 


73  146.0025.5  122.40 

178979 
109  218 
41    82.00    18     99.50 


.00    36    193. 
.00   28    154. 


I 
1736.00:18.5:  88.5028.8260.0094 

14602423 


J. 60 


20153345.00 

I 


94.00 


Pump  hose. $3<.oo' 
Dynamite.a407  lbs. 
$|6i.oo 
Battery I25.00 


I 


21     52.50 


27 


409    .    680 
503II.5     517 


28    {I40 
25     125 

i 
90     2  i  10 


00 


00   35    350.008585.00 

i         ; 

82!85.oo 
0059 


00    22    220.00 


13      3900 


8.2    82.oo'32 


14      77.00   267      324.5010.5'  31.50 


59.00 
32.00 


Dynainite»  ao8  lbs. 
$31.00 


9    18.00I     I   i     5.50      86      142.70; 
10    20.00      I        5.50    75.5    125.30 


14.00!     2      11.00    75.5;   125.30 


18  36. 

13  26. 

13  26. 

6  12. 
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feet  of  i2-inch  vitrified  pipe,  average  cut  9  feet,  and  243.8  feet 
18-inch  vitrified  pipe,  average  cut   10  feet  through  sand  and 
loam;  34.5  feet  15-inch  vitrified  pipe,  average  cut  11  feet;  125.2 
feet  12-inch  vitrified  pipe,  average  cut  10  feet  through  sand. 
The  labor  on  this  was: 

68     days  mason    cost  $  374.00 

7Z       "      foreman    **  164.00 

1,108        "      labor    '*       1,662.00 

The  second  had  612  feet  of  18-inch  vitrified  pipe,  average  cut 
12  feet  through  filling,  loam  and  sand ;  43  feet  of  15-inch  vitrified 
pipe,  average  cut  15  feet  through  the  same;  31  feet  of  lo-inch 
vitrified  pipe,  average  cut  4  feet  through  sand  and  loam. 

For  which  the  labor  was : 

15.5  days  mason   cost     $  85.25 

26        "      labor,  foreman "  65.00 

344        "      labor    "  516.00 

And  the  third  had  286  feet  24-inch  circular  brick  sewer,  average 
cut  7.5  feet  through  filling,  mud  and  water. 
The  labor  account  was : 

41.5  days  mason  cost  $228.25 

42        "      foreman    "  105.00 

409.5     "      labor    "  614.25 

4        "      team  '*  20.00 

I  might  add  that  the  labor  was  undoubtedly  high,  due  perhaps 
to  the  work  being  partly  on  a  percentage  basis. 

On  the  preceding  pages  are  three  groups  of  similar  size  sewers 
arranged  in  tabular  form  for  comparison.  Group  I  shows  nine 
sewers  varying  in  size  from  15  inches  to  10  inches.  Group  II 
shows  six  examples  in  rock  excavation  from  18  inches  to  10  inches 
in  size.    Group  III,  seven  examples  12  inches  to  10  inches  in  size. 


THE    STATE    STREET  OVERFLOW  SEWER. 
NEW   HAVENJ.  CONN. 

By  Henry  J.  Kellogg,  Mem.  Conn.  Soc.  C.  E, 

The  work  was  begun  in  October,  1906,  and  completed  in  Sep- 
tember, 1908,  just  two  years  elapsing  in  constructing  the  State 
Street  0%*erflow ;  and  of  that  time  there  were  only  two  months 
when  all  work  was  suspended.  Pile  driving  and  placing  rip-rap 
filled  in  during  most  of  the  winter  seasons.  With  the  traces  of 
construction  gone^  there  is  nothing  in  sight  to  show  that  a  rather 
difficnlt  work  has  been  accomplished,  except  a  few  feet  of  the 
end  that  projects  into  the  water.  Sewerage  work  has  that  dis- 
heartening feature,  that,  however  excellent  it  may  be.  it  is  out 
of  the  sight  and  out  of  the  mind  of  the  public,  except,  perhaps, 
during  a  discussion  over  a  bond  issue  or  in  case  of  its  failure 
to  carry  off  quietly  and  quickly  an  excessive  rainfall.  It  is  only 
then  that  most  of  the  citizens  think  of  the  network  of  drains 
underlying  the  streets^as  a  revulsion  of  a  man's  intestinal  system 
tells  him  that  his  alimentary  canal  won't  take,  without  protest, 
everything  he  may  put  into  it. 

The  city  authorities  did  not  need  to  be  told  that  relief  \vas 
needed ;  but  action  was  withheld  by  reasons  financial  and  by 
reason  of  the  slow  movement  of  municipal  councils.  Every  rain- 
fall of  high  rate  caused  flooding  of  the  streets  in  the  central 
portion  of  the  city,  and  cellars  were  sometimes  converted  into 
Waaler  tanks.  With  the  new  sewer  in  commission  for  only  the 
past  four  months  we  cannot  yet  publish  pictures  of  before  and 
after  using,  as  we  have  had  in  that  time  no  rainfall  making  a 
bogie  score  or  near  it.  But  of  the  rains  that  have  occurred,  some 
of  which  might  possibly  have  made  trouble  under  fonncr  condi- 
tions, none  has  caused  any  complaints.  The  connections  designed 
to  get  the  full  benetit  of  the  new  outlet  are  not  fully  completed. 
When  these  are  made  it  is  expecteti  that  all  precipitations,  except 
of  the  cloud-burst  type,  will  be  handled  in  the  section  this  over- 
flow is  intended  to  relieve,  witfiout  causing  serious  trouble. 

This  section  contains  the  heart  of  the  city,  where  many  of 
the  blocks  are  nearly  roofed  over  and  where  a  large  percentage 
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of  the  streets  are  paved  with  hartl»  smooth-surfaced,  impervious 
materiaL  The  line  of  the  sewer  (in  our  judgment  the  only 
practical  one )  is  along  low  sjround ;  starting  from  Water  Street, 
near  State  Street,  thence  running  parallel  with  State  Street 
through  a  lot  owned  by  the  railroad  company,  included  in  the 
tract  known  as  the  ''Farm,"  and  crossing  Old  Union  Avenue 
to  the  land  where  the  station  is  located,  and  which  is  lined  with 
tracks.     From  there  onward  to  tide  water  we  had  to  pass  under 
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SHOWING  FINISHED   BOTTOM   AND  VERTICAL  BARS  FOR 
THE  WALLS. 


twenty-six  tracks.  The  strip  taken  is  almost  entirely  of  mad<; 
land  over  a  thick  stratum  of  mud;  so  low  in  elevation,  tliat,  to 
get  the  sectional  area  needed,  the  widtli  had  to  greatly  exceed 
the  height.  This  excess  was  so  gp'eat  that  the  sewer  was  designed 
with  a  middle  wall,  making  it  a  twin  or  douhle-harreled  sewer. 

Each  barrel*  if  a  nearly  rectangular  hole  may  he  referred  to 
as  a  **barrel/'  is  4  feet  in  height  and  6  feet  in  width.  The 
bottom  is  dished  4  inches,  being  raised  at  the  sides  iji  inches; 
and  low*ered  at  the  water  line  2Vi  inches;  thus  keeping 
the  proportions  above  given  for  area,  while  the  actual  height 
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from  water  line  to  roof  is  4  feet  2J/2  inches.  The  width 
across  the  top,  outside,  is  15  feet.  The  thickness  of  the 
top  is  considered  12  inches,  althous^h  at  the  sides  it  is  1 1  inches* 
and  at  the  center,  over  the  middle  wall.  13  inches,  to  give  a 
side  slope  each  way.  The  central  wall  is  12  inches  thick  with 
vertical  faces.  The  side  walls  were  desigfned  to  be  12  inches 
thick  also»  with  vertical  faces  leaving  a  6  inch  shelf  at  the 
bottom  on  the  ontside,  the  liottom  being  i  foot  wider  than  the 


ARRANGEMENT  OP  BARS  IN  ROOF. 


top.  But  in  construction  a  plain  form,  set  for  a  batter,  was 
used  for  the  entire  outside  faces.  This  made  the  side  walls 
12  inches  thick  under  the  roof  and  about  t6  inches  thick  where 
they  rest  on  the  bottom.  It  may  be  well  to  state  here,  that,  in 
fig;uringf  the  stresses,  the  walls,  roof  and  bottom  became  more 
or  less  involved,  and  althou.cfh  in  description  the  walls  are  con- 
sidered as  3  feet  toVj  inches  hii^di.  yet  the  ctleclivc  height  is  about 
6  feet.  The  liottom.  which  is  r6  feet  wide,  has  a  thickness  of 
10  inches  along  the  water  lines  of  the  two  channels  and  14  inches 
under  the  three  walls. 


braces  *m  the  Irncs  of  the  walls,  with  staples  on  each  side  spaced 
h>  catch  tire  rods.  When  the  walls  were  carried  up  part  way, 
hcse  Imards  were  rcmovccl  In  the  bottom  were  laid  VS-inch 
transverse  bars,  spaced  12  inches  on  centers,  and  bent  to  fit  the 
dtshin^s.  Longitudinal  J/i-inch  bars,  3  in  each  channel,  secured 
these  transverse  bars  from  displacenient  in  concreting,  and  the 
transverse  bars  were  also  wired  to  the  long:ttuclinals  under  the 
walls.  In  the  top,  ^^-i^^f^h  bars  were  placed  every  4  inches,  every 
otiier  bar  being  a  straight  bar.  The  other  bars  were  bent  accord- 
ing to  three  patterns,  to  take  shearing  stress  and  possible  contra- 
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Hcxure.  These  bent  bars  alternated  and  all  extended  across  the 
entire  width  of  the  top,  the  bent  bars  rising  at  the  middle  wall 
as  at  the  sides.  About  4  inches  of  the  ends  of  the  bent  bars 
were  turned  downward.  Over  the  channels  longitudinal  J.4-inch 
bars  were  placed  in  the  top  about  the  same  as  in  the  bottom.  The 
transverse  bars  were  also  wired  to  the  verticals.  The  bars  were 
of  open  hearth  mild  steel,  twisted. 

For  the  first  time  in  my  experience  bids  were  made  on  the 


PILING. 

unit  system.  That  gave  us  freedom  to  increase  or  diminish 
quantities  to  suit  the  needs  as  we  found  them.  The  description 
just  read  fits  the  nonnal  conditions  and,  except  for  the  small 
deviations  already  noted,  is  according  to  the  original  design. 
What  was  done  in  construction  is  another  matter  and  will  follow. 
The  plans  of  the  piling  show  the  bents  to  be  3  feet  on  centers, 
4  piles  in  a  bent,  1  pile  standing  under  each  of  the  side  walls 
and  2  piles,  2  feet  on  centers,  under  the  middle  wall.  On  each 
pair  of  central  piles  were  laid  two  burs  of  i^/j-incli  size,  4  feet 
long,  bridging  the  space  between  the  piles  to  make  them  act  as 
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one.  This  layout  of  piling  was  followed  for  most  of  the  way 
When  we  came  to  the  main  platform  of  the  passenger  station, 
we  decided  it  would  be  impractical,  if  not  impossible,  considering 
the  traffic,  even  without  the  further  consideration  of  cost,  to  cut 
an  open  path  through  the  roof  wide  enough  for  our  pile  driving. 
So  we  drove  3  rows  on  both  sides  of  the  platform,  as  closely 
as  we  could  stick  them.  Each  platoon  of  piles  numbers  about 
30  piles  and  may  be  classed  as  an  abutment.  The  concrete  of 
the  top  was  increased  to  about  18  inches  in  the  thickness,  of 
the  bottom  to  about  22  inches  at  the  water  lines,  and  of  the  side 
walls  to  about  18  inches  under  the  roof,  the  batter  being  a  little 
less  than  the  ordinary.  In  the  top  we  placed  i-inch  longitudinal 
bars,  6  to  each  channel  and  2  to  each  wall.  In  the  bottom  we  laid 
i-inch  and  J^-inch  longitudinal  bars,  and  the  transverse  bars 
were  made  ^^-i^ch,  6  inches  on  centers.  In  each  of  the  three 
walls  (and  here  regard  them  as  involving  the  top  and  bottom), 
where  the  verticals  were  given  8  inches  on  centers,  are  pairs 
of  I-inch  bars  top  and  bottom  (the  top  pair  before  mentioned) 
with  another  pair  draped  to  form  a  catenary  curve.  All  the 
increases  of  concrete  extended  both  ways  several  feet  back  from 
the  pile  abutments  and  the  longitudinal  bars  were  carried  back 
about  10  feet  (and  in  the  walls  bent  downward)  for  anchorage. 
The  long  bars  lapped  in  the  center  about  10  feet.  The  span 
crossed  is  about  33  feet  in  the  clear.  The  reason  for  not  putting 
in  more  steel  was  that  there  was  no  room  for  it.  This  made  a 
sort  of  double  tubular  girder.  If  the  station  platform  were  to 
remain  as  now  located  there  would  have  been  no  need  of  such 
an  increase  of  strength :  but  when  the  railroad  changes  are 
made  that  place  will  be  occupied  by  tracks. 

From  the  station  outward,  across  fourteen  tracks,  we  had  to 
use  the  Railroad  Company's  apparatus  for  driving  piles:  their 
driver  being  mounted  on  a  car.  It  worked  well — when  it  didn't 
break  down.  We  could  only  get  two  tracks  at  a  time  (we  could 
not  work  with  less  room )  and  that  liberty  was  only  allowed 
of  a  Sunday,  excepting  two  days  toward  the  end  when  the  freight 
traffic  happened  to  be  light. 

The  same  scheme  of  bunching  piles  and  bridging  gaps  was 
carried  out  in  crossing  under  the  aforesaid  fourteen  tracks 
beyond  the  platfonn:  the  spans  varying  slightly,  but  averaging 
1 1  feet  in  the  clear.    The  longitudinal  bars  were  made  continuous 
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by  lapping  and  the  concrete  of  the  top  and  bottom,  about  1 6 
inches  thick.  I  will  mention  litre  that  the  pile  heads  enter  the 
concrete  4  inches  in  the  regular  work  and  in  the  line  of  the 
continuous  g^irders,  just  described,  they  enter  about  10  inches. 

The  full  complement  for  a  Sunday's  work  comprised  the  rail- 
road pile  drivin|T^  g'a.ng.  whose  tluty  was  limited  to  drivinii^  only ; 
a  locomotive  and  a  flat  car,  with  which  went  an  engineer,  fireman 
and  hrakeman,  witli  a  conductor  f<tr  tlie  whole  train  (a  tool  car 


UNDERNKATH    TRACKS,      ROTTOM    FINISHED. 

goes  with  the  driver )  ;  two  tlagmen  to  guard  the  workers  and 
sigtial  aiipoachiiig  trains  from  either  direction;  the  contractor's 
two  axemen  to  cut  off  the  broken  piles  and  the  butts  that  could 
not  be  driven  below  the  lies :  the  gang  supplied  by  the  firm 
to  whom  the  regular  driving  had  been  su!>let.  whose  part  was 
to  furnish  the  sticks,  point  and  htitt  them  and  bring  them  from 
the  '*Farn)'*  lot,  one  by  one,  to  the  driver :  the  track  gang,  who 
stood  by  to  take  up  and  relay  rails  and  ties :  and  ( I  think  this 
is  the  last),  the  bridge  gang,  who  took  up  and  put  down  the 
planking  that  extends  4  tracks  beyond  the  platfc:>nii-     One  Sun- 
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day  the  machine  broke  as  the  leaders  were  being  raised.  Another 
Sunday  a  gear  fell  from  aloft  in  two  pieces,  with  only  three 
piles  driven  and  not  a  duplicate  gear  this  side  of  some  town  in 
Michigan.  No  work  the  next  Sunday  in  consequence.  But  on 
the  other  occasions  the  machine  worked  well  and  the  men  exerted 
themselves  to  the  utmost.  We  seldom  got  started  before  8  a.  m., 
because  trains  had  to  be  shifted  or  broken,  and  we  had  to  quit 
at  4.30  i\  M.  My  recollection  is  that  38  piles  was  our  best  day's 
work.     After  getting  onto  the   freight  tracks   we  brought   the 
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piles  on  a  flat  car.  One  Sunday  we  found  the  car  of  piles  had 
not  arrived  but  was  at  Northford,  ten  miles  away,  where  it  had 
been  loaded  but  held  for  lack  of  inspection.  I  found  the  assistant 
yardmaster  and  with  the  help  of  the  train  dispatcher  we  got  that 
formality  waived  and  sent  our  engine  for  them.  Pardon  me  for 
elaborating  these  details,  but  those  were  days  of  anxiety,  the  cost 
piling  up  rapidly  and  the  work  progressing  slowly. 

All  tracks  had  to  be  supported  while  we  worked  underneath. 
The  span  across  the  trench,  owing  to  the  angle  (about  51 
degrees)  at  which  we  crossed,  was  22  feet  in  the  clean  A  con- 
dfluous  row  of  piles,  except  at  the  platform,  was  driven  on  both 
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sides  of  the  trench  across  the  tracking.  These  piles  were  cut 
off  and  capped  hy  the  Railroad  Company,  who  then  bridged  over 
the  trench  by  laying  four  yellow  pine  timbers,  8  by  18  inches, 
31  feet  long,  under  each  rail,  with  others  between  the  tracks. 
The  entire  distance  across  tracks  and  platform  was  covered  over 
with  planking.  The  trench  was  sheathed  by  nailing  boards  to 
the  railroad  piles  (as  we  designated  them),  or  by  driving  short 
boards  behind  them.     No  parts  of  the  forms  or  braces  holding 
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MIXJNG   CONCRETE  ON    TRACKS,      A    HOLD-UP. 

the  forms  were  allowed  to  touch  the  sides  of  trench  in  the  track 
w^ork.  The  deflection  observed  of  the  heavy  timbers  with  a 
locomotive  at  rest  was  ^^^  of  an  inch.  With  the  same  locomotive 
crossing  at  a  speed  of  about  4  miles  per  hour»  5g  of  an  inch. 

The  concrete  was  of  the  proportions  1-2-4.  The  stone  was 
crushed  trap  rock  of  the  run  of  the  crusher  from  J4  to  1  inch 
size.  The  specifications  relating  to  the  qualities  of  the  ingre- 
dients, method  of  mixing,  handling  and  dep<3siting,  read  sub- 
stantially  as  like  articles  do  in  modern  contracts.  Most  of  the 
concrete  was  mixed  in  a  Ransome  mixer;  but  in  the  midst  of  the 
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tracks  we  were  obliged  to  use  shovels,  the  materials  being  brought 
in  cars  which  lay  on  an  adjacent  track.  It  was  awkward  work. 
Interruptions  were  frequent  from  passing  freight  trains  that 
seemed  to  be  miles  long,  and  from  switchings.  Two  flagmen 
were  constantly  on  giiard  and  in  spite  of  constant  warning  a 
workman  would  sometimes  have  to  be  pulled  from  in  front  of 
an  approaching  locomotive,  or,  what  was  more  dangerous,  the 
rear  end  of  a  train  backing.  When  we  were  working  on  the 
tracks  the  freight  traffic  was  heavy ;  but  we  had  hardly  finished 
there  and  were  enjoying  the  freedom  of  the  open  yard  when  the 
late  business  depression  began  to  show  its  effect,  and,  except 
for  footing,  we  could  have  played  baseball  anywhere  from  Track 
4  to  the  water. 

Of  the  difficulties  in  giving  grade,  fall  one  inch  in  1,500,  there 
is  nothing  of  importance  to  say.  We  have  all  been  there.  When 
the  H.  I.  in  the  subway  was  plus,  and  the  grade  point  minus 
(our  water  line  started  at  2.3  below  average  high  water,  and  we 
worked  down  hill),  standing  in  water,  trains  rolling  and  rum- 
bling overhead,  a  candle  light  or  a  ray  of  daylight  through  a 
chink  overhead  to  see  by,  I  have  more  than  once  figured  a  fore- 
sight rod  that  was  less  than  nothing  or  one  long  enough  to 
stick  up  through  the  roof. 

It  is  obvious  that  a  line  cannot  be  run  through  a  busy  passenger 
and  freight  yard  on  ground  level.  We  established  a  point  on 
the  station  platform  roof  and  our  backsight  line  spHt  the  back 
of  the  letter  "G"  in  **LAGER"  on  a  saloon  sign.  You  could 
not  forget  it. 

The  finished  work  shows  no  errors  in  line  or  grade,  which  is 
to  the  credit  of  our  inspectors.  W^e  have  discovered  no  cracks, 
though  some  may  exist.  One  leak  was  found  in  the  westerly 
side  wall,  a  small  boy  stream,  that  may  still  be  harmlessly  work- 
ing. It  was  a  pumping  job,  using  a  4-inch  pulsometer,  until  we 
neared  the  tide  line,  when  the  trench  was  cut  through  and  the 
work  was  varied  with  the  tides  without  losing  time.  No  con- 
crete was  deposited  in  running  water  and  new  bottoms  were 
protected  from  currents  by  low  bulkheads. 

The  overflow  was  connected  with  the  sewerage  system  by 
separating  the  two  channels  at  Water  Street.  The  easterly 
channel  (increased  in  width  to  8  feet)  taps  the  State  Street 
54-inch  sewer  as  it  curves  into  Water  Street,  and  the  westerly 
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one  taps  the  Water  Street  sewer  beyond  the  curve.  The  easterly 
branch  opens  a  large  gap  in  the  State  Street  sewer  and  has  a 
temporary  dam  13  inches  high  along  the  opening,  which  keeps 
the  ordinary  flow  in  its  original  bed,  A  curtain  wall  across  the 
old  sewer,  on  the  downstream  side  of  that  opening,  cuts  off  a 
greater  flow  and  the  excess  must  take  the  new  course. to  tide 
water.  That  relieves  the  Meadow  Street  sewer.  The  westerly 
branch  has  a  higher  temporary  dam  and  is  now  only  effective 
in  a  setback  from  the  Meadow  Street  sewer,  one  hlock  to  the 


INTERIOR  OF  ONE  OF  THE  TWIN  SEWERS. 


westward.  If  we  had  liad  sufficient  funds  to  carry  the  overflow  to 
the  harbor  line,  where  it  is  to  go  later,  these  dams  would  not 
be  needed,  Ttie  details  of  the  projected  further  changes  to  be 
made  at  Meadow  and  Water  Streets,  to  utilize  the  westerly 
branch,  would  require  too  much  time  for  description  and  are  not 
fairly  included  under  the  title  of  this  paper. 

The  live  load  used  in  calculations  was  45  tons  on  a  pair 
of  driving  wheels  adding  75%  for  impact.  The  impact  was 
figured  high  on  account  of  the  very  shallow  fill  over  the  top  of 
the  sewer»  2j/^  feet  to  the  bottoms  of  the  ties.    The  calculations 
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for  Stresses  were  made  in  accordance  with  Burr's  formulas  given 
below.  The  ratio  of  elastic  limit  was  taken  as  12.  All  calcula- 
tions were  by  Mr.  Cassius  W.  Kelly,  City  Engineer,  and  Mr. 
J.  Frederick  Jackson,  the  latter  being  associated  with  me  in  the 
construction. 
Formulas  used : 


'^'=  -R]    b^Y   (e;    b  )  +'  E.  "b  ^''^'^'^ 

M-=Kp'  +  |^^;  (h,-d,r] 

8M 

When  £2  =  coefficient  of  elasticity  in  steel. 

El  =  coefficient  of  elasticity  in  concrete. 

Ai  &  As  =  areas  of  concrete  and  steel  respectively. 

b  =  breadth. 

r  =  I. 

di  =  distance    of    extreme    compression    fiber    in    concrete    from 

neutral  axis. 

a  =  distance  center  compression  in  steel  from  extreme  compression 

surface  of  concrete. 

hAs  =  area  section  of  steel  in  tension. 

K  ^=  greatest  intensity  of  bending  compression  in  concrete. 

d-  =  distance  of  center  of  compression  in  steel  from  neutral  axis. 

h2  =  total  depth  of  steel  from  top  of  concrete. 

Ea=  30,000,000      Ea 

1-  ^    =  12. 

Ei=    2,500,000      Ei 

K  =  5oo. 

Tensile  strength  of  concrete  neglected. 

Tension  in  steel  not  to  exceed  16,000  lbs. 

Wc  had  borinj^s  alonj^  the  line  of  the  sewer  made  with  a 
I -inch  jointed  an^cr,  turned  by  hand  and  carrying  a  load  of 
300  pounds — a  crude  method,  but  one  that  had  answered  our 
purposes.  With  the  heavy  live  load  assumed  and  with  only  2^/2 
feet  of  earth  cushion  below  the  railroad  ties,  we  wanted  to  find 
out  by  practical  test  what  a  pile  would  support,  so  we  drove 
a  test  pile  in  the  freight  yard.  'Hie  pile  selected  was  a  straight, 
stiiooth,  tight-barked  chestnut,  12-inch  butt  and  7-inch  tip, 
pointed.  Hammer  weight  2,000  poimds.  Fifty-five  6- foot  blows 
(the  ring  put  on  at  the  thirty-fifth  blow)  sent  the  pile  down 
17  feet.  Twenty-five  10- foot  blows  made  it  26  feet.  Twenty 
of  12  feet  increased  the  penetration  to  29.5  feet  ,  and  twenty  more 
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of  the  same  to  33.5  feet.  Fourteen  more,  of  about  the  same 
drop,  made  it  36  feet,  three  12- foot  blows  added  10  inches, 
another  of  the  same  4  inches,  a  15-foot  one  4  inches  and  a  hiial 
20'foot  blow  3  inches,  making  the  total  ;^y  feet  9  inches.  The 
driving  was  one  of  the  easiest  we  had  made  or  did  make.  This 
result  was  only  satisfactory  as  enabling  ns  to  test  a  pile  that 
did  not  drive  to  a  refiisaL  It  was  not  what  we  expected  from 
previous  drivings.     The  pile  was  not  split,  the  bark  stayed  on 


TEST  PILE,  FINAL  LOAtUNG,  35  TONS. 


and  the  head  was  left  hard  and  smooth.  We  found  a  ij/l-inch 
iron  plate,  about  14  by  40  inches,  with  a  2-inch  hole,  conveniently 
located :  and  we  laid  the  plate  on  the  pile,  centering  the  hole, 
and  drove  a  spike  through  the  hole  into  the  pile,  leaving  the 
head  of  the  spike  just  above  llie  plate  to  rest  the  rwl  on.  With 
the  plate  as  a  base  we  built  up  a  criss-cross  pile  of  rails,  carefully 
balancing  them,  and  with    t^^  tons  of  rails,  our  final  load,  the 
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whole  mass  could  be  easily  swayed.  We  were  fortunate  in 
having  material  at  hand.  The  contractor  had  rails  and  ties  for 
the  taking  and  with  them  built  his  dummy  lines.  As  Kipling 
wrote  of  literary  borrowings :  "And  what  we  thought  we  might 
require  we  went  and  took." 

First  load,  March  26,  1907,  18.900  lbs.  subsidence  .010 

Increased,         "  27  **  to  30,200  **  "  .027 

••  28  "  "   37400  "  "  .033 

Same                 '*  30  "  **  "  "  .040 

Increased,       April  3  **  to  49,800  **  "  .075 

Same                  "  6  *'  **  "  "  .082 

Increased            **  6  **  to  60,200  "  "  .130 

"  17  "  "    70.800  •*  "  .300 

Same  load  slowly  increased  the  subsidence  during  the  spring 
and  summer  until,  in  August,  it  reached  0.570,  when  it  appeared 
to  stop. 

With  the  above  record  for  slipperiest  pile  and  one  of  the 
easiest  drivings  (there  were  few  that  could  compare),  we  feel 
sure  that  10  tons  per  pile  is  safe  loading  for  us  to  assume  for 
that  work.  At  least  10  piles  will  be  engaged  with  a  load  applied 
at  any  point.  Our  driving  was  done  first  and  the  excavating 
followed.  We  found  that  we  had  in  places  driven  through 
stone  walls,  dock  fronts  and  grillage.  One  pile  bored  a  hole 
lengthwise  through  an  old  pile. 

The  total  cost  of  the  overflow,  to  the  city  of  Xew  Haven,  was 
$73,512.98.     The  length  is  1,500  feet. 

To  give  the  entire  cost  of  the  work,  we  would  have  to  include 
the  work  done  by  the  corporations  holding  franchises  whose 
lines  were  affected.  The  Street  Railway  Company  had  to  bridge 
over  the  trench  and  shift  tracks :  the  Western  Union  Telegraph 
Company  was  obliged  to  take  down  and  reerect  over  100  wires: 
the  Telephone  Company  was  slightly  affected :  the  Xew  Haven 
Water  Company  were  put  to  some  expense  and  the  Xew  Haven 
Gas  Company  had  to  drive  piles  and  suspend  large  mains. 

It  is  a  pleasure  to  be  able  to  state,  that  during  the  protracted 
period  when  we  were  of  necessity  continually  breaking  in  upon 
the  duties  of  the  railroad  people  and  causing  them  extra  work 
and  trouble,  we  were  invariably  met  with  courtesy  and  given 
valuable  assistance. 
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DISCUSSION — Reinforced  Concrete  Sewer  at  New  Haven. 

Mr.  Lewis  :  Mr.  President,  I  would  like  to  ask  Mr.  Kellogg 
a  question — if  there  is  a  tide  gate  to  this  outlet,  and  if  so,  if  in 
case  of  very  high  tide  and  at  some  storm  it  would  not  have  a  bad 
effect  on  the  sewerage  system  ? 

Mr.  Kellogg:  Mr.  President,  a  tide  gate  to  keep  back  a 'high 
tide  would  be  impracticable  because  we  would  have  to  lift  the 
gate  to  let  out  the  flood  that  was  working  in  the  sewer  under 
head.  The  easterly  branch  was  8x4,  tapping  a  54-inch  sewer. 
Now  that  I  speak  of  it,  you  can  see  the  great  difference  in  areas, 
an  8- foot  by  4- foot  tapping  a  S4-inch  sewer.  To  give  water  free 
access  to  act  in  an  overflow,  a  large  surplus  of  area  is  given  to 
allow  the  water  to  bore  a  hole  through  itself  and  thereby  relieve 
friction,  and  the  slightest  head  will  produce  a  current. 

The  President:  I  would  like  to  ask  Mr.  Kellogg  if  they 
found  any  difficulty  in  joining  the  work  of  one  day  with  the  work 
of  the  next  day,  or  when  stoppage  was  made,  in  placing  concrete  ? 

Mr.  Kellogg  :  Some  of  the  work  was  left  for  I  think  nearly 
a  year  before  we  went  on  with  the  new.  We  picked  and  rough- 
ened the  surfaces,  washed  them,  and  put  on  sort  of  a  neat  cement 
lining,  or  plaster,  you  might  say,  or  paste,  so  as  to  make  them 
tight  as  well  as  we  could.  I  don't  know  that  I  mentioned  it,  but 
so  far  as  we  have  examined  the  sewer  we  haven't  found  any 
cracks.  I  dare  say  there  are  cracks  there,  probably  some  will 
come  in,  but  so  far  as  we  could  see  by  the  light  of  a  candle  there 
were  none. 


AN  EFFICIENT  INDEX  SYSTEM  FOR  CITY 
ENGINEERS'  OFFICES. 

By  Wm.  Gavin  Taylor. 

The  indexing  and  filing  of  plans,  field  notes,  office  calculations 
and  other  records  in  a  city  engineer's  office  is  an  important 
feature  of  the  routine  work.  An  efficient  indexing  system  is  a 
valuable  tool  and  time-saving  device — one  which  can  easily  pro- 
duce actual  dividends  in  time  and  money  saved  far  in  excess  of 
the  actual  cost.  Happily  the  older  method,  of  burdening  the 
mind  of  one  of  the  assistants  with  the  records  of  the  office  and 
the  relative  or  probable  location  of  a  plan,  book  or  other  item,  is 
disappearing  and  with  it  the  thought  that  the  spending  of  money 
on  indexing  and  filing  equipment  is  to  be  avoided. 

Success  in  a  filing  system  is  marked  by  the  ease  and  rapidity 
with  which  desired  data  can  be  found,  and  this  depends  primarily 
upon  two  elements:  First,  the  fundamental  structure  of  the 
system  used ;  second,  the  faithfulness  with  which  the  system  is 
operated.  The  best  possible  system  under  careless  use  produces 
poor  results,  and  a  relatively  poor  system  handled  with  faithful- 
ness may  give  general  satisfaction. 

In  1901,  while  City  Engineer  of  Medford,  Mass.,  the  writer 
made  a  study  of  indexing  problems  with  special  reference  to  the 
needs  of  the  engineering  office  of  that  city.  All  available  pub- 
lished data  were  read,  and  numerous  systems  in  oi>eration  in  other 
cities  were  carefully  investigated. 

The  indexing  methods  examined  could  in  general  be  classed 
under  two  heads:  First,  those  in  which  cards  were  located 
alphabetically  under  the  guidance  of  some  key-word  selected  by 
the  indexer;  second,  those  in  which  the  cards  were  arranged 
under  the  guidance  of  some  color  scheme. 

None  of  the  systems  found  in  use  in  other  offices  seemed 
entirely  satisfactory  for  the  needs  of  the  local  office.  And  here  it 
is  well  to  emphasize  the  fact  that  indexing  methods  aie  not  always 
interchangeable :  that  a  certain  system  may  admirably  fit  condi- 
tions in  one  city  and  be  unsuitable  for  those  of  another ;  and  that 
there  is  no  one  best  system  applicable  to  all  cases  and  conditions. 
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re\'erse  process  cannot  be  worked ;  that  is.  you  cannot  start  with 
the  meaning — the  idea — and  find  the  word.  March's  Thesaurus, 
however,  is  based  on  ideas  and  attempts  to  cover  the  field  left 
open  by  the  dictionary-  as  above  pointed  out.  A  concrete  illustra- 
tion has  value  in  emphasizing  the  advantages  possessed  by  an 
index  systematized  by  ideas.  Suppose  one  has  in  mind  the 
thought  that  in  a  certain  part  of  India,  Asiatic  cholera  is  native 
and  always  present,  and  it  is  wished  to  describe  such  a  condition 
by  the  use  of  a  single  word  which  is  eithfer  unknown  or  forgotten. 
The  word  "epidemic"  comes  to  mind,  but  it  fails  to  carr>-  the 
precise  meaning  of  the  word  sought  for.  The  desired  word  is  a 
condition  of  health — sickness,  and  with  this  as  a  starting  point 
the  exact  word  "endemic,"  conveying  the  idea,  is  readily  found. 
The  final  result  would  have  been  the  same  if  the  words 
**epidemic,"  "disease,"  or  any  other  word  approaching  the  idea 
had  been  looked  up. 

In  the  decimal  system  of  indexing  the  subject  matter  is 
systematically  grouped  and  numbered  in  a  degree  of  detail  suffi- 
cient for  the  purpose  in  hand.  Certain  parts  of  the  index  system 
may  be  much  more  elaborately  subdivided  than  other  parts,  the 
character  and  amount  of  subdivision  depending,  in  the  main,  upon 
the  particular  case.  For  best  results  the  subdivision  of  ideas 
should  be  carried  sufficiently  to  limit  the  collection  of  but  a  few 
cards  under  any  one  number.  If  under  continued  use  more  cards 
accumulate  under  any  subdivision  than  is  desirable,  its  idea  should 
be  split  into  two  or  more  specific  classes,  additional  numbers  given 
to  the  new  divisions,  numbers  added  to  the  cards  in  the  original 
subdivision  under  enlargement  and  the  cards  rearranged.  In 
like  manner  the  index  may  be  expanded  indefinitely,  the  enlarge- 
ment of  sections  and  the  development  of  new  ones  being  as  natural 
as  the  forming  of  new  cells  in  a  growing  plant. 

The  reference  cards  are  numerically  arranged  in  the  index  and 
all  cards  are  gathered  in  groups,  each  group  covering  a  particular 
phase,  and  having  a  definite  and  predetermined  relationship  with 
all  others. 

The  decimal  system  has  very  great  flexibility  and  an  infinite 
extensibility,  and  is  therefore  exactly  suited  for  either  the  ver>- 
small  or  the  very  large  index.  It  also  avoids  the  ambiguity  which 
frequently  arises  in  the  use  of  an  alphabetical  system,  and  which 
cannot  be  avoided  except  through  elaborate  cross-indexing. 
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With  Uewcy^s  invention  as  a  basis  a  system  was  evolved  to 
fit  the  particular  needs  of  the  Medford  office,  and  this  system,  with 
moch"fi cations,  has  been  adopted  for  the  filing  system  in  the  office 
of  the  City  Engineer  at  Waterbury,  Conn*  Care  was  taken  to 
effect  a  log^ical  arrangement  in  the  '*index  guide"  and  to  main- 
tain simph*city  and  nniformity  thronghoiit.  The  index  guide  is 
a  schedule  of  ideas,  a  standard  by  the  use  of  which  each  index 
card  is  definitely  numbered  and  definitely  placed  in  the  index. 
The  personal  equation  of  the  indexer  does  not  enter  into  the  rela- 
tive placing  of  the  cards :  all  is  prescribed  by  one  standard,  and 
the  difficulties  arising  through  the  use  of  key-words  are  thus 
avoided. 

In  common  use  the  index  guide  was  but  infrequently  referred 
to  by  the  office  assistants,  as  they  soon  gained  through  memory  the 
sequence  of  numbers.  Yet  the  index  guide  was  sufficiently 
elaborate  to  permit  a  person  not  previously  acquainted  with  the 
system  to  readily  tlnd  a  desired  card  having  reference  to  a  survey, 
level  note,  calculation  or  observation,  plan,  photograph  or  con- 
tract. 

A  primary  division  in  Ihe  index  was  made  by  assembling  the 
cards  under  cover  of  a  tab  guide  card  bearing  the  name  of  a  street, 
or  some  important  controlling  natural  object,  as  a  water  course — 
Massachusetts  Avenue  and  Mystic  River  as  examples.  A  second- 
ary division  was  then  made  by  establishing  12  subdivisions,  each 
of  which  was  given  a  whole  number,  as  i,  2,  3,  4,  etc.  These 
secondary  divisions  depend  upt>n  the  needs  of  the  office  and  may 
be  as  follows : 


I. 

Highways. 

7- 

Electricity. 

2, 

Sewers. 

8. 

Public   Property 

.V 

Sewage  Disposal. 

9^ 

Cemeteries. 

4 

Storm  Draitis. 

10. 

Water  Courses. 

5* 

Water  Supply, 

IK 

Bridges. 

6. 

Gn^. 

12. 

Railroads. 

Other  secondary  divisions  nray,  of  course,  be  added  at  wilh 
Each  of  these  divisions  is  visibly  marked  upon  cards  by  means  of 
1^  tabs  and  the  numbers  plainly  printed  on  the  tabs.  Tab  i 
is  at  the  extreme  left  of  the  3x5  inch  card  and  tab  12  at  the 
extreme  right.  Tertiary  divisions  are  then  made,  basing  the  divi- 
sions upon  the  class  or  character  of  the  stibject,  the  divisions  being 
numbered  at  the  right  of  the  decimal  point  as  follows: 
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.1    Surveys  and  Stakings.  .4    Plans. 

.2    Levels  and  Grades.  .5    Photographs. 

.3    Calculations  and  Observations.  .6    Contracts. 

The  tertiary  divisions  are  subdivided  to  any  desired  extent  by 
adding  figures  in  the  hundredths  and  thousandths  place.  In 
arranging  the  subdivisions  of  a  system  it  should  be  borne  in 
mind  that  uniformity  throughout  the  system  is  the  desideratum. 

Specific  cards  frequently  referred  to  may  have  their  precise 
location  marked  by  placing  directly  in  front  of  them  a  colored 
tab  card  bearing  the  specific  number,  the  colored  tab  card  thus 
serving  as  a  flag.  A  case  that  comes  to  miml  is  this:  Cards 
referring  to  profiles  were,  as  a  class,  in  more  frequent  use  than 
any  other.  The  reference  number  for  a  profile  was  always  .411 
and  so,  directly  in  front  of  the  profile  reference  cards,  was 
placed  a  blue  Vy  tab  card  numbered  .411.  Following  down  under 
any  particular  street  the  highway  profile  cards  are  flagged  under 
1.411,  the  sewer  profile  under  2.41 1,  the  storm  sewer  profile  under 
4.41 1,  the  gas  main  profile  under  6.41 1  and  so  on.  In  the  Bed- 
ford index  the  profile  cards  are  the  only  ones  thus  far  that  are 
flagged,  but  as  the  index  grows  more  may  be  added  if  desirable. 
At  the  present  time  this  index  consists  of  about  35,000  cards, 
placed  in  40  drawers. 

An  elaboration  of  one  of  the  secondary  divisions  will  give  an 
idea  of  the  amount  and  character  of  subsequent  subdivisions.    • 

INDEX  GUIDE. 

Elaboration  of  Highways    (Subdivision  i)   in  a  Manner  Similar  to 
Card  Index  System  at  Medford,  Mass. 

I.     Highways. 
1. 1      Surveys  and  Stakings. 

.11  Street  lines. 

.12  Land  divisions. 

.13  Buildings. 

.14  Development — Construction. 
.141  Grading. 

.142  Pavements. 

.143  Edgestones. 

.144  Sidewalks. 

.145  Cross-walks. 

.146  Gutters. 

.147  Trees  and  planting  spaces. 

.15  Survey  and  Traverse  lines. 
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Triangulation. 


.18  City  lines. 

Ag  Miscellaneous. 

1.2      Letrls  and  Grades. 

(Stthclivisjons  similar  to  above.) 
1*3      Calcuhtiofts  and  Obsrn'atiofts. 

(Subdivisions  similar  to  above.) 
J 4      Pians  and  Profiles, 

41  Street  lines,  acceptance  plan. 
411  Official  grade  lines. 

42  Land  divisions. 

421  Assessor's  plans. 

43  Buildings. 

,431  Restriction  lines. 

432  Street  nnmberirig  plans, 

(With  similar  continuation,) 

1.5  Photographs. 

1.6  Contracts. 

The  claboraiion  of  the  other  secondary  divisions.  Sewers, 
Storm  Drains^  Railroads,  etc.,  is  made  in  a  similar  way,  the  detail 
figures  being  kept  uniform  throughout  the  whole  system  so  far 
as  practicable:  e.  g.,  the  tertiary  divisions  should  be  absolutely 
constant  and  their  further  subdivisions  as  nearly  so  as  possihle. 
In  the  index  cited  .1  is  always  a  survey  note,  ,3  is  always  a  calcu- 
lation, 4  always  a  plan,  and  further,  .411  is  always  a  profile.  By 
maintaining  such  a  constant  sequence  in  the  figures  the  mastery 
of  the  system  becomes  easy  and  the  efficiency  enhanced. 

To  show  the  ease  with  which  a  reference  card  may  be  found, 
let  it  be  assumed  that  the  plan  case  location  is  desired  of  the 
profile  of  the  30-inch  water  main  on  Florence  Street  between 
Harvard  Avenue  and  l^wn  Terrace.  Turning  to  the  guide  card 
marked  Florence  Street  we  have  before  us  all  the  reference  cards 
relating  to  Florence  Street.  The  subject  sought  is  one  classed 
under  Water  Supply,  so  we  look  for  tab  5  cards»  remembering  that 
profiles  are  fiagged  by  a  colored  guide  tab  marked  411.  We 
touch  this  colored  tab,  tipping  it  toward  us,  and  find  immediately 
back  of  it  the  cards  referring  to  water  main  profiles  on  said  street. 
If  the  street  is  not  very  long  bnt  one  card  is  numbered  411,  and 
that  is  the  particular  one  sought  for  (see  illustration). 

As  an  example  showing  the  oneration  of  the  system,  let  it  be 
desired  to  assign  a  number  and  write  a  card  having  reference  to 
the  survey  and  level  notes  made  in  staking  otit  the  edgestone  or 
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curbing  in  front  of  No.  1,642  Boston  Avenue.  By  reference  to 
the  index  guide  the  number  1.143  is  at  once  assigned  to  the  survey 
notes  and  1.243  to  the  level  notes.  On  long  and  important  streets, 
such  as  the  one  cited,  it  may  be  that  quite  a  number  of  reference 
cards  will  accumulate,  each  bearing  the  same  number,  as  1.143  in 
the  example.  These  cards  of  like  numbers  are  arranged  accord- 
ing to  relative  position  on  the  street,  or  numerically  according  to 
house  numbers. 

An  accompanying  illustration  shows  the  arrangement  of  an 
individual  card  and  the  character  and  appearance  of  a  series  of 
cards  with  tabs  and  guide  cards. 

In  operation  this  system  is  simple,  easily  understood  and  con- 
veniently operated,  and  is  successful  and  efficient.  One  assistant 
should  be  given  the  general  supervision  of  the  indexing  work  in 
an  office,  be  final  referee  for  all  disputed  questions,  and  be  held 
responsible  for  successful  operation  of  the  system  in  use. 

Since  arranging  the  system  herein  described  ( 1901 )  the  litera- 
ture of  the  subject  has  been  greatly  extended  and  the  decimal 
system  has  made  a  marked  advance.  Among  the  more  important 
articles  published  in  the  technical  periodicals,  the  following  list 
of  citations  is  given  as  an  aid  to  those  who  may  desire  to  read 
further  on  this  subject: 

Boston  Elevated  Railway  Co.  Description  of  method  of  filing  plans, 
notes  and  other  records.  Paper  read  by  H.  C  Hartwell  before  Boston 
Society  of  Civil  Engineers.  Abstracted  in  Engineering  Record,  59.152 
(1909). 

New  York  Board  of  Water  Supply.  Detailed  description  of  filing 
system  adopted.  A  valuable  and  suggestive  article  by  J.  Leo  Murphy. 
Engineering  Ncivs,  60.137  (1908). 

Salt  Lake  City,  Utah.  Describes  an  elaborate  system  of  filing  engineer- 
ing notes  and  records  used  by  the  City  Engineer.  Engineering  Record, 
57.153  (1908). 

Method  of  filing  records  in  a  city  surveyor's  office  described  by  Fred 
Gabelman.    Engineering  News,  July  20,  1905. 

Engineering  Index  and  Library  Work.  Description  by  G.  W.  Lee  of 
system  in  use  in  the  reference  library  of  Stone  &  Webster.  Also  editorial. 
Engineering  Xe7vs,  June  16,  1904. 

Hartford,  Conn.  Description  by  Frederick  L.  Ford  of  filing  system  of 
field  notes  and  drawings  in  use  in  the  City  Surveyor's  oirice.  Engineering 
Record,  'Mny  7,  1898. 

Filing  System  in  Engineering  Department  of  the  Chicago  &  East 
Illinois  R.  R.    Railroad  Gazette,  May  8,  1908. 

Engineering  Industries.  An  extension  of  the  Dewey  decimal  system  of 
classification.    Bulletin  No.  9,  University  of  Illinois.  November  1906. 

ITie  same  for  application  to  architecture  and  building.  Bulletin  No.  13, 
University  of  Illinois,  November,  1906. 


TUNNEL  AND  CONCRETE  SEWERS  AT 
HARTFORD. 

^V  Roscoc  N.  Clark,  Mem.  Conn.  Soc.  C  E. 

There  are  at  present,  as  part  of  the  sewer  system  of  the  city 
of  Hartford,  thrt?e  pieces  of  concrete  sewer  and  one  combination 
of  concrete  and  brick.  Naming^  these  in  chronological  order 
they  are:  Firsts  the  Folly  Brook  conduit,  so  called;  second, 
sewers  in  Ann  and  Asyltmi  Streets,  and  across  part  of  Bushnell 
Park,  to.^ether  forming  the  major  portion  of  what  is  known  as 
the  Ann  Street  sewer  system ;  third,  the  Gully  Brook  section 
of  the  Homestead  Avenue  intercepting  sewxr  system :  and 
fourth »  the  combined  brick  and  concrete  section,  a  little  more  than 
half  a  mile  in  length,  known  as  Section  '*B'*  of  the  Homestead 
Avenue  intercepting  sewer  system. 

The  Folly  Brook  conduit  was  built  to  enclose  a  portion  of 
the  length  of  a  small  water  course  in  the  southern  part  of  the 


JN 


/^'O 


;VTw 


£^0^ 


TYPICAL   SECTION    OF    FOLLY    BROOK   CONDUIT. 


uf  the  lirook.  The  material  is  a  brittlt:,  slialy  sandstone,  and  lh« 
tine  of  ciming  was  in  general  parallel  to  the  direction  of  ihe 
dip  of  the  strata*  The  character  of  the  rock  vitbs  stich  as  to  make 
easy  trimming,  and  the  sides  and  b<Jttom  of  the  fini^ed  exca\^- 
lion  were  even  more  uniform  than  if  the  cutting  had  been  through 
clav. 


FOLLV    BRO(»K   CONCRETE  COKDUIT* 
Showing  ccmstructUm  of  bell-mouth  mt  the  junction  of  Folly  Brook  with  the  Frmnkliii  Areoue 

sewer  over6ow. 

The  Ann  Street  sewer  system  was  designed  to  furnish  sewer- 
age facilities  to  the  thickly  settled  business  district  bounded  by 
Main  Street  on  tlie  north,  Trtunbitll  Street  on  the  east,  Asylumj 
Street  on  the  south,  and   High   Street  on  the  west.     Propertyi 
owners  and  tenants  in  this  district,  and  especially  in  the  lower 
part  of  Asylum  Street,  had  for  a  long  time  been  troubled  with 
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flooded  basements  during  heavy  rain  stoniis.  Tire  sewer  replaced 
was  one  of  the  earliest  trunk  sewers  in  Hartford,  having  been 
buih  in  the  early  '50*5.  It  was  originally  an  open  drain,  or  small 
brook,  extending  in  a  genera!  southwesterly  direction  diagonally 
across  the  district,  and  emptying  into  Park  River  near  what  is 
now  Ford  Street.  As  the  district  developed,  this  brook  becstme 
more  and  more  contaminated  with  sewage  till  it  was  found 
advisable  to  close  it  in.  This  was  accumplished  by  simply  build- 
ing vertical  walls  of  dry  rubble,  and  laying  tlat  cover  stones 
across,  making  a  box  culvert  of  rectangular  section  some  two 
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and  one-half  feet  square.  .\s  may  be  easily  imagined,  this  was  an 
extremely  difficult  sewer  to  keep  clean,  and  when,  a  few  years 
since,  evidences  of  caving  in  began  to  manifest  themselves,  it 
became  evident  that  the  need  for  a  new  and  larger  sew^er  w^as 
im]>erative. 

Without  going  into  the  history  of  efforts  made  to  get  this 
sewer,  suffice  it  to  say  that  it  was  finally  ordered,  in  part,  and 
the  contract  awarded  in  July,  1907, 

This  contract  called  for  150  feet  of  36"  diameter  storm- 
water  sewer,  615  feet  of  combined  storm  and  sanitary  sewer  of 
egg-shapped  section,  34^*  x  51"  diameter,  355  feet  of  36"  diameter 
combined  sewer,  and  about  600  feet  of  vitrified  tile  sewer  of 
various  sizes,  besides  manholes  and  other  appurtenances.     The 
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36"  storm  sewer  extends  from  the  outfall  at  Park  River  to  the 
comer  of  Asylum  Street  and  High  Street,  passing  under,  by 
means  of  an  inverted  syphon,  a  54"  sewer  running  parallel  to 
the  river  wall.  Parallel  to  this  storm  sewer,  and  at  a  somewhat 
flatter  grade,  is  an  18"  tile  sewer  carrying  to  the  intercepting 
sewer  the  dry  weather  flow  from  the  entire  district,  and  con- 
necting at  grade  with  the  large  egg-shaped  sewer  in  Asylum 
Street.  When  the  flow  in  this  latter  sewer  has  attained  a  depth 
of  18",  it  begins  to  overflow  into  the  36"  storm  sewer,  and  is 
by  it  carried  to  the  Park  River.  Since  the  normal  dry  weather 
flow  in  the  Asylum  Street  sewer  is  only  about  6"  deep,  and  passes 
entirely  into  the  interceptor,  the  overflow  into  Park  River  is  very 


36"    STORM  WATER- SEWER,   SHOWING  SYPHON   UNDER  INTERCEPTOR. 


dilute  in  sewage,  becoming  less  contaminated  as  the  discharge 
increases. 

With  the  exception  of  the  tile  sewers  mentioned,  all  the 
conduits  in  this  system  were  constructed  of  concrete. 

The  36"  storm  sewer  and  the  parallel  sewer  of  18"  tile, 
being  spaced  3'  6"  center  to  center,  only  a  single  trench  was 
excavated.  The  cutting  averaged  about  14  feet  in  depth,  and 
the  material,  which  was  miscellaneous  filling  at  the  top  and  wet 
clay  on  the  bottom,  was  taken  out  by  hand  and  piled  along  the 
sides  of  the  trench.  The  cross  section  of  these  two  sewers 
forms  practically  a  comi)lete  monolith,  the  concrete  of  the  36" 
sewer  being  extended  to  surround  the  18"  tile. 

As  soon  as  the  contract  was  awarded,  arrangements  were  made 
by  the  contracting  firm  to  procure  collapsible  steel  forms  for  use 
on  both  circular  and  egg-shaped  sections.     In  order  not  to  delay 
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the  work%  however,  wooden  forms  for  the  circular  section  (which 
was  started  first)  were  made  by  a  local  joiner,  and  these  proved 
so  satisfactory  that  similar  ones  were  afterwards  made  for  the 
egg-shaped  section.  These  forms  consist  of  two  segments  of 
about  150''  each,  Iiinged  at  the  bottom  and  connected  at  the  top 
by  a  folding  brace,  which  when  extended  holds  the  segments  in 
the  proper  position  to  form  a  continuous  arc  of  300°.  A  third 
segment  (of  e3o°  )  is  then  shpped  vertically  into  notches  in  the 
ribs  of  the  two  lower  segments  and  is  held  in  position  to  com- 
plete the  circle  by  loose  strips  about  two  inches  in  thickness.  In 
order  to  remove  the  forms  after  the  concrete  has  set  snfticienlly, 
it  is  only  necessary  to  remove  these  loose  strips »  when  the  upper 
segment  drops  vertically  two  inches,  and  may  be  drawn  out  end- 
wise, after  which  the  two  lower  segments  may  be  drawn  together 
at  their  upper  ends  and  then  removed  bodily  from  the  completed 
section  of  sewer. 
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The  excavation  for  the  egg-shaped  sewer  in  Asylum  Street 
was  accomplished  by  means  of  the  Moore  trench  machine.  This 
apparatus  consists  of  a  carriage  or  traveler,  shaped  somewhat 
like  an  inverted  U,  the  legs  spanning  the  trench,  and  bearing  at 
their  lower  ends  small  railway  trucks  which  run  on  a  track  of 
about  8- feet  gauge.  At  the  top  of  the  carriage  are  the  necessary 
pulleys  and  brake  levers  and  a  platform  for  the  operator.  The 
carriage  is  moved  back  and  forth  along  the  trench  by  means  of 
a  steel  cahk%  passing  tiirough  a  stationary  pulley  fastened  to  a 
stiff-leg  at  one  end  of  the  trench,  and  having  its  en<ls  wound 
on  the  drums  of  a  double-dnini  hoisting  engine  at  the  other  end 
of  the  trench.  At  the  carriage  this  cable  passes  through  a  set 
of  pulleys  so  arranged  as  to  leave  a  bight,  carrying  a  third  pulley 
with  a  hook  from  which  is  suspended  the  bucket,  or  the  grappling 
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hooks,  or  whatever  means  is  used  for  liandling  the  load.  The 
sequence  of  operation  is  much  the  same  as  with  the  well-known 
Carson  machine. 

In  constructing  the  egg-shaped  section  in  Asykim  Street  and 
the  36"  circular  section  in  Ann  Street,  it  was  necessary  to  take 
care  of  tlie  regular  sewage  flow  in  these  two  streets,  as  the  old 
sewers  had  to  be  removed  before  the  new  ones  could  be  built. 
A  line  of  8"  vitrified  tile  was  laid  below  and  parallel  to  the  grade 
of  the  flow  line  of  the  sewer.  This  tile  was  laid  with  open  joints, 
and  the  trench  around  and  over  the  same  filled  with  crushed 
stone  up  to  the  proper  height  to  receive  the  concrete  for  the 
sewer  itself.  Wherever  laterals  from  the  old  sewer  were 
encountered,  Y-branches  were  placed,  and  to  these  the  laterals 
were  temporarily  connected.  A  sump  was  built  at  the  lower  end 
of  the  Asylum  Street  section  and  a  pulsometer  installed  there 
%vhich  overcame  the  slight  difference  in  elevation  between  the  tile 
drain  and  the  new  18"  sewer*  A  second  pulsometer  was  installed 
at  a  manhole  ahead  of  the  work  and  discharged  into  a  line  of 
galvanized  iron  pi|>e  of  large  bore,  laid  in  the  gtitter  and  carrying 
back  to  empty  into  the  completed  section  at  its  lower  muL 

As  soon  as  a  stretch  of  sufficient  length  had  been  bottomed  otit, 
and  the  underdrain  placed  and  cohered,  with  crushed  stone,  the 
forms  were  placed  and  liraccd  in  position  for  the  concrete.  These 
forms  w^re  matle  in  12-foot  sections,  and  from  three  to  six 
sections  were  covered  at  a  time,  as  circumstances  permitted.  A 
wooden  btilkhead  was  placed  at  right  angles  to  the  sewer  at  the 
forward  end  of  tbe  section  to  be  filled,  and  the  concreting  was 
then  started  and  kept  up  without  intermission  til!  the  section  was 
complete.  Slants  of  vitrified  tile  were  placed  against  the  fortns  at 
proper  intervals  for  receiving  the  old  laterals  and  stich  new^  tmes 
as  seemed  necessary. 

The  concrete  was  mixed  by  hand,  usually  by  two  gangs  of 
from  six  to  ten  men  each,  on  large  wooden  platforms  which 
were  moved  along  as  the  work  progresserl,  the  concrete  being 
usually  shoveled  directly  from  the  boards  to  the  forms  without 
wheeling.  Men  with  proper  tools  for  tamping  and  placing  the 
concrete  were  placed  in  the  trench,  and  as  a  rather  wet  mixture 
was  used,  both  sides  were  brought  up  simultaneously.  Back 
filling  was  usually  started  abotit  ten  to  twelve  hours  after  con- 
creting, but  the  forms   were  not  removed  till  after   forty-eight 
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hours.  Soft  soap  was  brushed  over  the  forms  to  prevent  the 
concrete  from  sticking.  The  back  filHng  was  done  in  part  by 
dimiping  from  buckets  by  the  trench  machine,  and  in  part  by 
carts  hauHng  from  a  spoil  bank.  The  material  was  well  rammed 
by  hand,  and  notwithstanding  the  fairly  deep  cut,  the  trench 
showed  very  little  settlement  at  the  surface. 

The  cost  of  excavation,  back  filling  and  carting  was  about 
$1.67  per  cubic  yard  of  earth  moved ;  and  for  the  stock  and  labor 
of  handling  about  $6.18  a  cubic  yard  of  concrete  in  place. 

The  Gully  Brook  section  of  the  Homestead  Avenue  intercepting 
sewer    system    is    a    horseshoe-shaped    section    consisting    of    a 


semicircular  arch  10  feet  in  diameter,  on  vertical  side  walls  4 
feet  high.  The  invert  is  \'-shape(l,  the  center  being  6  inches 
lower  than  the  sides.  This  conduit  is  an  extension  of  one  built 
many  years  ago  to  enclose  that  part  of  Gully  Brook  which  lies 
within  the  more  thickly  settled  portion  of  the  city,  and  extends 
from  Park  River,  opposite  the  Union  Station,  northerly  across 
Asylum  Street  and  under  the  station,  and  so  on  up  through 
Spruce  Street  and  the  yards  of  the  Central  New  England  Railway 
to  the  northerly  side  of  Edwards  Street.  The  various  sections 
of  this  old  conduit  were  evidently  built  at  different  times,  as  some 
are  of  brick,  while  others  are  of  brownstone.  The  floor  is  of 
plank  laid  crosswise  and  extending  under  the  abutment  walls. 
These  walls  are  of  heights  varying  from  i  to  3  feet,  and  except 
for  the  semi-circular  arch  of  10  feet  diameter,  there  is  a  decided 
lack  of  uniformitv  in  the  cross  section. 
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The  new  conrIuit»  tlien,  conimences  at  the  upper  terminus  of 
the  old  one  and  follows  generally  what  was  the  bed  of  the  open 
brook  for  a  distance  of  i.ooo  feet  and  joins  a  second  culvert  of 
similar  size  and  shape  which  carries  the  brook  under  Walnut 
Street.  For  about  three- fourths  of  its  length  the  cutting  was 
very  shallow,  in  some  places  the  springing  line  of  the  arch  being 
above  ground,  but  for  a  ili stance  of  125  feet  it  passed  under  a 
roadbed  of  six  tracks  of  the  Central  Xew  England  Railway.  As 
all  of  the  earth  had  to  be  removed,  piles  were  driven  on  either 
side  of  the  center  line  of  the  conduit  and  far  enough  apart  to 
allow  a  clear  span  at  least  one  foot  greater  than  the  interior 
wndth  of  the  section.     These  were  capped  with  10"  x  10''  yt^llow 


/ 


m^c- 


^m^tfOTf   fjn^^r    M&it^   ly-^a^^ 


?,  and  the  bents  thus  fontied  were  spanned  by  8''  x  16''  yellow 
pine  stringers  carrying  the  tracks.  As  fast  as  the  material  was 
'taken  out  from  between  the  pile  bents,  sheeting  plank  were  placed 
horizontally  behind  them»  working  from  the  top  downwards. 
This  section  under  the  railway  was  btiilt  on  a  curve  of  190  feet 
radius. 

Three  different  cross  sections  for  the  conduit  were  used,  the 
size  and  shape  of  the  opening  being  ih^  same  in  each  case.  The 
standard  section  was  8"  thickness  of  invert,  abutments  3'  6"  at 
the  base,  with  the  inner  faces  vertical  and  the  backs  on  a  batter 
of  I  in  4:  the  arch,  12  inches  at  the  crown  and  24  inches  at 
2  feet  above  the  springing  line.  The  intermediate  section,  used 
under  certain  side  tracks  of  the  railway,  had  abutments  4  feet 
thick  at  the  base,  with  a  straight  batter  of  i  in  7JS  carried  3'  6" 
above  the  springing,  and  a  crown  thickness  of  18".  The  heavy 
section  used  nnrler  the  main  Hue  tracks  had  abutments  5   feet 
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thick  at  the  base,  the  backs  carried  upon  a  batter  of  i  in  12  to 
the  level  of  the  top  of  the  sewer  inside,  and  an  arc  of  22  feet 
radius  carried  across  to  give  a  crown  thickness  of  24  inches.  No 
reinforcement  was  used  on  any  part  of  the  work.  The  materials 
encountered  were  clay  and  hardpan,  and  except  under  the  rail- 
way tracks,  were  handled  by  means  of  a  stiff-leg  derrick  operated 
by  a  hoisting  engine.  The  concrete  was  all  machine  mixed  and 
wheeled  in  small  cars  running  on  a  track  laid  over  the  completed 
work.  The  mixer  was  shifted  during  the  progress  of  the  work 
so  that  the  haul  was  in  no  case  over  200  feet. 

When  a  sufficient  length  of  trench  had  been  bottomed   out 
(usually  12  to  16  lineal  feet),  concrete  to  the  required  thickness 


Section  in  Open  Cut 

was  deposited  thereon.  A  template  board  cut  to  form  the  \' 
of  the  invert  was  *^et  for  line  and  grade,  and  the  surface  of  the 
concrete  struck  smooth  with  a  wooden  straightedge.  After 
this  had  set  sufficiently  to  bear  walking  on,  the  forms  for  the 
abutments  were  set  in  place  and  filled.  These  fonns  were  of 
wood,  with  the  surface  to  form  the  interior  of  the  conduit  covered 
with  galvanized  shc%t  iron.  After  the  abutment  concrete  had  set 
up  for  a  day,  the  collapsible  steel  center  for  the  arch  was  pulled 
ahead  from  the  section  previously  completed,  smeared  with  coal 
oil  and  covered  with  the  arch  concrete. 

Some  difficulty  was  anticipated  in  fitting  the  steel  center  around 
the  arc  on  the  curved  portion,  but  the  middle  ordinate  was  only 
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about  an  inch  for  the  10 foot  section,  and  no  trouble  was 
experienced. 

The  contract  prices  for  the  several  sections  were  $22,  $35  and 
$55  V^^  ^^^t  for  the  light,  medium  and  heavy,  respectively. 

The  tumiel  section  of  the  Homestead  Avenue  intercepting  sewer 
system  is  a  section  in  the  middle  of  the  trunk  sewer  some  2,800 
feet  long;.  The  depth  below  the  surface  runs  from  22  to  about  40 
feet*  The  sewer  is  an  oval,  approaching  a  horseshoe  shape,  4  feet 
6  inches  wide  antl  about  4  feet  8  inches  hi^h,  with  a  semicircular 
arch.  The  contractor  started  his  excavation  by  sinking  shafts 
700  feet  apart  on  the  Jine  of  the  sewer.  These  shafts  were  about 
8  feet  in  the  clear,  and  after  he  dug;  down  as  far  as  he  thoug^ht 
advisable,  to  keep  the  sides  from  falling  in  he  started  putting 
sheet! n|r  planks  that  were  long  enough  to  reach  the  bottom  of  the 
shaft  up  to  24  feet  in  depth  :  beyond  this  depth  24-foot  sheeting 
was  driven  to  the  bottom  and  shorter  ones  inserted  at  the  top. 
After  the  shaft  had  been  completed,  the  headings  were  started, 
the  material  being  taken  out  with  a  hoisting  engine,  and  after 
the  headings  had  been  driven  some  six  or  eight  feet,  enough 
to  get  the  ijortal  well  established,  an  elevator  cage,  which  was  to 
ser\T  for  the  entire  construction  of  the  heading,  was  put  in  place» 
and  operated  by  the  same  hoisting  engine.  The  hea<lings,  as 
before  stated,  were  started  in  some  six  or  eight  feet  before  the 
cage  was  put  in  place,  and  for  the  first  few  feet  the  timbers  were 
spaced  very  close  together,  from  a  foot  to  eighteen  inches.  After 
this  the  timbers  were  placed  about  three  feet  on  centers  and  were 
6"x8"  and  8"  x  8"  stuff  and  sheathed  with  2-inch  plank  on  all 
four  sides. 

Instead  of  driving  poling  boards  in  setting  each  succeeding 
head  frame,  the  material  was  taken  out  the  entire  distance  between 
frames  ( it  was  of  such  a  character  that  it  could  be  removed  with- 
out causing  serious  inconvenience),  and  the  frame  put  in  position, 
tamped  fimi,  and  then  the  plank  for  the  roofing  was  put  in 
diagonally  and  straightened  around,  with  the  exception  of  the 
center  plank,  A  narrow  cutting  was  then  made  in  advance  of  the 
frame,  on  center,  and  the  last  plank  pushed  ahead  from  below 
and  then  drawn  back  in  position  to  complete  the  roof. 

The  kittom  was  planked  as  well  as  the  sides  and  the  concrete 
for  the  in%^ert  placed  on  that.  Masonry  work  was  deferred  imtil 
the  headings  met,  and  was  then  started  in  the  center  and  worked 
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toward  both  ends,  these  headings  each  being  about  350  feet  long, 
the  entire  length  between  the  shafts  700  feet. 

The  invert  was  placed  first,  then  the  side  walls ;  these  were  of 
concrete.  On  the  side  walls  an  arch  of  brick  was  started,  the 
masonry  being,  for  about  two-thirds  of  the  height,  carried  from 
side  to  side  of  the  excavation.  As  fast  as  the  arch  was  completed, 
a  back  filling,  sometimes  of  concrete  and  sometimes  of  dry  sand, 
was  packed  into  the  opening  above,  the  character  of  the  back 
fill  depending  in  a  measure  on  the  character  of  the  material  taken 
out. 


/or  ^;//3 


S9Ction  in  Tunnst 


The  work  was  carried  along  night  and  day  in  two  shifts  of 
ten  hours  each,  the  men  below  being  usually  five  in  number, 
the  miner  and  helper,  or  **mucker,''  and  three  men  who  handled 
the  car.  Aboveground  were  two  men  to  handle  the  car  and 
one  engineman.  Over  each  shaft  was  erected  a  timber  frame, 
with  a  platform  six  or  seven  feet  above  the  surface  of  the  ground. 
At  this  platform  terminated  the  elevator  guides,  and  a  short 
section  of  railway  extended  from  the  position  of  the  edge  of  the 
elevator,  when  level  with  the  platform,  outwards  and  then  down- 
wards at  an  angle  of  about  30°  with  the  horizontal,  where'  it 
terminated  in  a  timber  buffer  about  the  height  of  the  wheels  of 
the  mucking  cars.  The  manner  of  operation  was  as  follows: 
The  flat  car,  without  sideboards,  having  been  loaded  in  the  tunnel 
with  the  rectangular  blocks  in  which  the  clay  came  out,  was  run 


TUNNEL   AND   CONCRETE    SEWERS   AT    HARTFORD.  gi 

onto  the  elevator  and  hoisted  to  the  level  of  the  platform  on  top. 
Here  it  was  pushed  onto  the  inchned  track  above  mentioned,  and 
by  its  own  vveig^ht  dashed  rapidly  dc:»wn,  only  to  bring  up  short 
against  die  wcnxlen  bufFen  The  clay,  however,  being  wet  and 
very  slippery,  was  by  its  own  momentum  carried  beyond  the  car 
and  dropped  into  a  dump  cart  which  had  been  previously  backed 
into  position.  The  empty  car  was  then  hauled  back  to  the  elevator 
by  hand. 

The  concrete  was  mixed  on  top  and  taken  down  by  the  elevator, 
sometimes  in  regular  concrete  barrows  and  sometimes  in  the  cars 
that  w^ere  osed  for  mucking  out. 

The  average  length  driven  for  a  shift  during  the  progress  of 
the  w^ork  was  seven  feet,  and  the  average  cost  per  foot,  exclusive 
of  the  first  cost  of  the  lumber  and  the  cost  of  trimming  the  same 
to  dimension,  was  about  $4.50. 

DISCUSSION — ^Tunnel  and  Concrete  Sew^ers  at  Hartford, 

The  PREsmr,NT:  I  am  sure  Mr.  Clark  w^ould  be  pleased  to 
answer  questions  on  this  interesting  work. 

Mr.  Kelloc.g:  I  notice  in  the  photograph,  particularly,  they 
used  the  collapsible  steel  forms. 

Mr,  Clark:  That  was  in  the  Gully  Brook  system  of  the 
Homestead  Avenue  system,  where  it  w^as  used  only  on  the  arch, 

Mr.  Kellogg:  I  would  like  to  know  if  they  found  they 
W'orked  satisfactorily. 

Mr,  Clark:  They  worked  very  satisfactorily  indeed.  They 
had  some  difficulty  in  tlie  Ann  Street  system,  as  I  mentioned. 
The  contractors  ordered  the  collapsible  steel  forms,  and  then 
started  in  with  the  w^ooden  ones.  After  the  steel  ones  arrived 
they  endeavored  to  use  them,  but  it  w^as  difficult  to  collapse  them 
and  they  had  so  much  trouble  w^ith  it  that  they  finally  gave  up 
the  use  of  steel  forms  and  used  the  wooden  ones. 

Mr.  Burt:  Might  I  ask,  Mr.  Clark,  whether  there  were  any 
contractions  of  the  space  that  was  excavated,  any  difficulties, 
special  difficulties  in  tunnel  work?  Any  narrowing  of  the 
section  ? 

Mr.  Clark  :  We  had  some  difficulty,  on  account  of  the  wet- 
ness and  slipperiness  of  the  material,  in  pressures  from  the  side. 
I  think  they  are  evident  in  some  of  the  photographs.  The 
vertical  struts  on  the  side  show  quite  decidedly  the  bending  in 
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due  to  the  enormous  pressure  from  the  outside,  and  although 
they  caused  some  apprehension,  actually  they  caused  no  diffi- 
culty in  completing  the  work. 

Mr.  Burt:     Did  you  have  special  mining  men? 

Mr.  Clark:  My  impression  is  that  the  men  used  on  that 
were  some  that  they  got  from  New  York.  Is  that  so,  Mr. 
Brewer  ?  You  can  tell  about  that.  Mr.  Brewer  was  the  resident 
engineer. 

Mr.  Brewer:  The  superintendent  was  connected  w^ith  one 
of  the  New  York  tunnels  and  he  recruited  his  gang  from  men 
working  down  there.     The  gang  was  very  efficient. 

Mr.  Burt:     What  was  the  rate  of  progress? 

Mr.  Clark:  About  7  feet  at  a  shift,  working  two  shifts 
a  day. 

Mr.  Clark:  I  would  say  this  form  is  the  idea  of  Mr. 
O'Connor  of  the  contracting  firm,  who  is  also  one  of  our  mem- 
bers. Perhaps  he  can  explain  its  working  better  than  I  can.  He 
ver>'  kindly  loaned  me  this  for  exhibition. 

Mr.  O'Connor:  The  steel  form  we  found  great  difficulty  in 
getting  apart,  but  we  got  this  form  and  used  it  and  we  found  it 
very  much  more  satisfactory.  You  can  put  it  up  in  a  few 
minutes,  and  you  can  collapse  it  and  pull  it  ahead  and  use  it  over 
again.     We  found  it  a  success.     That  is  about  all  I  have  to  say. 

Mr.  Cl.\rk:  Just  what  was  the  difficulty,  Mr.  O'Connor,  in 
drawing  the  steel  forms? 

Mr.  O'Connor:  They  didn't  collapse  enough  to  free  them- 
selves. 

Mr.  Jackson  :  We  had  that  same  trouble  with  the  steel 
forms  in  Xew  Haven :  we  couldn't  draw  them  easily  after  the 
concrete  had  set.  In  fact,  if  they  hadn't  had  an  engine  and  a 
couple  of  tackle  blocks  on  the  job  they  wouldn't  have  been  able 
to  draw  them  at  all. 

Mr.  Lewis:  Was  that  because  of  the  greater  adhesion  of  the 
steel  to  concrete  than  wood  ? 

Mr.  O'Connor:  The  steel  form  didn't  collapse  enough  to  cut 
away  from  the  concrete. 

Mr.  Lewis:  Then  if  the  steel  form  was  made  with  proper 
provision  for  collapsing,  it  might  be  used  just  as  well? 

Mr.  O'Connor:     Tust  as  well. 


THE     REINFORCED     CONCRETE    LOCO- 
MOTIVE HOUSE  AT  VVATERBURY. 

By  G,  Milton  Foley. 

Included  in  the  new  modern  facilities  for  locomotives  of  the 
New  York,  New  Haven  &  Hartford  Railroad  at  Waterbiiry. 
Conn.,  is  a  reinforced  concrete  locomotive  or  engine  house.  It 
is  located  at  the  junction  of  the  Highland  Division  and  the 
Meriden  Branch,  about  one  and  one-half  miles  west  of  the  new 
passeng-er  station  on  the  Western  Division. 

Although  a  reinforced  concrete  enp^ne  house  is  not  a  novelty, 
such  construction  ^ocs  far  toward  solving  the  many  ciuestions  of 
maintenance,  repairs  and  insurance.  The  corrosive  action  of 
smoke,  gases  and  cinders  upon  exposed  steel,  galvanized  iron, 
and  even  copper »  prohibits  the  use  of  these  materials  to  any 
extent,  when  exposed. 

The  engine  house  is  constructed  of  ten  stalls,  each  stall  a  seg- 
ment one  forty-fourth  part  of  a  circle,  making  an  angle  of  about 
8  degrees  ii  minutes.  One  end  of  the  house  is  permanent;  the 
other  may  be  extended  to  make  an  ultimate  house  of  forty  stalls, 
the  space  of  four  stalls  being  taken  by  the  entrance  and  exit  tracks 
to  the  turntable. 

The  turntable  is  the  steel  deck  girder  type  and  of  such  weight 
as  to  take  the  heaviest  equipment. 

A  wing  of  shops  is  attached  to  the  engine  house,  having 
necessary  machinery  for  making  repairs  and  also  facilities  for 
the  use  of  trainmen.  The  shops  cover  an  area  42  feet  wide  and 
158  feet  long. 

The  radius  from  the  center  of  the  turntable  to  the  center 
of  the  inner  circle  columns  of  the  engine  house  is  93  feet 
6  inches.  This  arrangement  will  give  ample  space  between  the 
heads  of  the  track  rails  at  the  turntable  pit  for  cleaning  out  the 
snow  and  still  maintain  an  opening  of  12  feet  wide  at  the  entrance 
doors.  The  distance  from  the  center  of  the  inner  columns  to 
the  center  of  the  outer  row  of  columns,  in  other  words  the  width 
of  the  house,  is  86  feet.  It  was  thought  that  this  dimension  would 
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provide  for  the  handling  of  different  types  of  passenger  and 
freight  locomotives  with  the  present  clearance  limitations  and 
at  the  same  time  enable  the  dropping  and  renewal  of  the  driving 
and  trailer  wheels  under  the  locomotives  at  the  drop  pit  with- 
out reversing  either  the  locomotive  or  tender  on  the  track,  or 
opening  the  entrance  doors  during  cold  weather. 


Engine  Pits. 

Each  stall  is  provided  with  an  engine  pit,  62  feet  long  and  4 
feet  wide,  to  be  used  for  general  repairs  to  locomotives.  The 
side  walls  are  2  feet  thick  of  concrete,  capped  with  yellow  pine 
5  inches  thick,  to  provide  proper  support  for  jacking  locomotives. 

The  track  rails  are  spiked  to  8"  x  14"  white  oak  stringers, 
parallel  to  and  on  each  side  of  the  pit.  The  capping  pieces  and 
stringers  are  held  in  j^lace  by  1V4"  galvanized  iron  pipe  dowels, 
imbedded  in  the  concrete  walls  and  projecting  3  inches  in  the 
wood.  The  dowels  not  requiring  a  hole  through  the  wood  pieces, 
prevent  rotting  to  a  large  extent,  which  otherwise  would  occur 
on  account  of  the  large  quantity  of  water  used  in  washing  and 
cleaning  the  locomotive  lx)ilers. 

The  floor  of  the  pits  is  convex,  of  concrete,  and  slopes  toward 
the  inner  circle,  providing  good  drainage.    The  top  of  this  floor 
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is  2'  6"  below  the  top  of  the  track  rail  at  tlie  outer  circle  end 
and  3'  o''  at  the  inner  circle  end.  A  catch-hasiii  is  placed  at  the 
inner  circle  end  frotn  which  a  6"  cast  iron  drainpipe  carries  the 
water  from  the  building.  A  wrought  iron  grating  covers  the 
catch-basin  and  the  collecting  sediment  is  easily  removed. 
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Drop  Pit. 

The  drop  pit,  to  serve  two  stalls,  is  placed  adjacent  to  the 
machine-shop,  to  facilitate  wheel   repairs. 

In  the  drop  pit  at  the  center  of  each  stall  is  a  stationary  jack, 
imbedded  in  the  concrete  and  operated  by  compressed  air.  The 
jack  lowers  a  pair  of  locomotive  wheels  to  a  small  truck,  running 
on  a  narrow-gauge  track,  from  whicli  the  wheels  may  be  jacked 
up  and  removed  from  the  drop  i>it.  When  not  in  use,  the  drop 
pit  will  be  covered  with  plank. 


Roof. 

The  roof  is  supported  by  four  rows  of  columns,  one  row  at 
the  inner  circle,  two  interior  rows  and  one  row  at  the  outer 
circle.  These  columns  are  13'  4"  centers  at  tlie  inner  circle, 
if  8"  centers  at  the  second  row,  21'  8"  at  the  third  row  and 
25'  7"  at  the  outer  circle:    making  spans,  on  the  radial  center 
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line,  of  30'  o"  at  inner  bay,  28'  6"  at  center  bay  and  2rf  rT  at 
the  outer  bay. 

The  roof  of  the  center  span  is  about  7  feet  higher  than  :ne 
inner  and  outer  spans,  forming  a  monitor  or  lantern. 

The  columns,  roof  girders,  beams  and  slabs  are  of  reinf«>rced 
concrete.  All  the  columns,  girders,  beams  forming  faces  of  the 
building  and  the  Ijeams  supjwrting  the  smoke  jacks  were  cast 
in  place.  TTie  cross-beams  and  roof  slabs  were  cast  on  a  concrete 
floor  built  on  the  ground  especially  for  this  purpose  and  then 
placed  in  permanent  position.  This  method  of  construction,  it 
was  thought,  would  prove  most  economical  and  permit  the  most 
rapid  erection.  The  longest  portable  beams  were  cast  first :  after 
setting  given  a  coat  of  slaked  lime,  and  the  sides  were  used  a< 
a  form  in  place  of  wood  forms  for  the  shorter  beams.  The  ri>^f 
slabs  were  cast  in  horizontal  rows,  wood  forms  being  dispensed 
with  after  a  first  row  was  cast,  thoroughly  set  and  whitewashed. 
Ver\'  little  trouble  was  experienced  in  removing  the  slabs  or 
beams  cast  in  this  manner. 

The  columns,  14"  x  14".  are  reinforced  with  six  ^^^  square 
bars,  hoTjped  with  -f{'  diameter  hooping,  laid  Yi"  pitch,  making 
a  11"  diameter  core.  All  of  the  columns,  except  the  outer  circle 
row,  are  protected  on  the  four  comers  to  a  height  of  6  feet  with 
the  Wainwright  galvanized  steel  corner. 

The  girders  sup[K>rted  In'  the  columns  are  2  feet  wide  at  the  top. 
tapering  tr>  14  inches  wide  at  the  bottom.  The  depth  of  these 
girders  for  the  inner  or  30'  span  is  2'  10" :  for  the  center  or  2^' 
6"  span  is  3'  4",  aiul  for  the  outer  or  2^  6"  span  is  3'  4".  The 
lx)ttom  reinforcement  is  ^\c — \"  x  3"  Kahn  bars,  with  top  rein- 
fr^rcement  at  sup[K)rts.  Reinforced  pockets  were  cast  on  these 
girders  to  support  the  portable  roof  beams,  which  var}-  in  span 
from  12  feet  at  the  inner  circle  to  23  feet  at  the  outer  circle  and  in 
size  from  G"  x  15"  to  9"  x  18".  The  beams  are  reinforced  at  the 
bottom  with  one  or  two  Kahn  bars  according  to  the  span  and 
one  Kahn  bar  at  the  top.  The  top  bar  extends  the  full  length 
of  the  beam  to  prevent  breakage  in  erection. 

The  niof  slabs  are  about  4'  square  and  3"  thick,  reinforced 
with  wire  cloth.  .After  erection  the  joints  between  the  roof  slabs 
are  filled  with  cement  mortar. 

All  the  concrete  was  machine  mixed  and  composed  of  i  part 
Portland  cement,  2  parts  sand  and  4  parts  of  washed  gravel, 
screened  to  pass  i"  mesh  and  collect  on  >i"  mesh. 
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Roof  Covering  and  Flashings. 

The  roof  slabs  are  covered  with  a  5- ply  tar  and  slag  roof. 

The  flashings  and  counter-flashings,  except  at  the  smoke  jacks, 
are  6-potind  sheet  lead,  zinc  being  used  at  the  smoke  jacks.  A 
gutter,  fonned  by  the  face  beam  at  the  inner  circle,  carries  the 
rain  water  to  a  4"  diameter  wrought  iron  pipe  conductor  at  every 
other  stall  and  connects  to  the  6"  drain  from  the  engine  pits. 
This  gtitter  will  prevent  the  accumulation  of  ice  in  cold  weather 
at  the  entrance  doors.  The  roof  of  the  center  and  outer  bays 
sIof>es  toward  the  outer  circle  and  the  rain  water  is  allowed  to 
drip  oflf. 

I^lONlTOR, 

The  monitor,  formed  by  the  nx>f  of  the  center  span,  answers 
a  twofold  purpose  of  light  and  ventilation.  On  each  side  are 
two  horizontal  rows  of  white  pine  sash,  pivoted  at  the  top  with 
brass  sash  centers,  that  the  bottom  of  the  sash  may  swing  out. 
The  sash  centers  hold  the  sash  in  various  angles  from  a  closed 
\o  horizontal  position.  Ordinarily  these  sashes  need  be  operated 
very  little  and  will  be  opened  or  closed  by  hand  from  the  roof. 
Two  steel  ladders  at  the  permanent  end  nf  the  building  provide 
access. 

Smoke  Jacks. 

Each  stall  is  provided  with  a  stationary  smoke  jack,  made  in 
two  parts,  the  stack  and  hood.  The  hood  is  ro  feet  long  and  3 
feet  6  inches  wide  at  the  bottom,  which  will  allow  locomotives 
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being  moved,  as  may  be  necessary  for  repairs,  without  causing 
the  smoke  and  gases  to  be  conducted  into  the  interior  of  the 
house.  The  hood  tapers  to  the  stack,  which  is  2'  8"  square,  to 
insure  free  exit  of  smoke  and  extends  above  the  monitor  roof 
to  insure  good  draft. 

The  smoke  jacks  are  made  of  four  4"  x  4"  white  pine  comer 
posts,  to  which  asbestos  lumber  is  attached  upon  the  outside 
with  brass  screws.  The  horizontal  joints  in  the  asbestos  lumber 
are  connected  with  cover  plates  of  the  same  material,  ri vetted 
with  brass  rivets. 

The  jacks  are  guyed  above  and  below  the  roof  with  four  ^4" 
diameter  phosphor  bronze  cables,  secured  to  the  concrete  roof 
beams. 

A  check  damper  of  asbestos  lumber  is  installed  in  the  stack, 
weighted  to  close,  and  is  operated  by  a  brass  chain  from  the 
bottom  of  the  jack. 

The  sides  of  the  jack  extend  lower  than  the  ends,  to  better 
ser\e  the  smaller  locomotives. 

ExTiLvxcE  Doors. 

Between  cokunns  of  the  inner  circle  to  a  height  of  17  feet 
above  top  of  track  rail,  are  wo^:hI  rolling:  doors,  each  pro\-ii!ed 
with  three  vertical  rows  mi  wire  glass  slats.  The  glass  slais  are 
about  16  inches  long  and  start  at  a  height  oi  5  feel  from  top 
of  rail. 

Tlic  doors  operate  by  hand  with  an  endless  chain. 

Tlie  door  oi  ever\  third  stall  has  a  horizontal  sliding  wicket, 
which  rolls  up  with  the  large  d*>jr.  The  wicket  doors  pr*:ivide 
acce>s  t>'  and  from  ihc  engine  h..»use  at  the  inner  circle  without 
oj  en:n|^  t::e  lar;::c  «!'>>rs. 

AIk'Vc  t:ie  entrance  d«>:rs  are  two  horizontal  rows  of  pivoted 
sash.  s:n:i]ar  lu  th-.se  in  the  monitor. 

(  »iTER  C'iSCLE  Wall. 

Enclosing  the  space  l^etw  een  the  v'V.icr  circle  columns  is  a  brick 
wa!:.  12"  thick.  Centrally  l>ctwet^n  columns  in  this  wall  is  a 
■.argc  winrirw.  15'  S'  high  an*!  15*  4'  \s^de.  of  three  sashes  high 
and  :rree  sashes  \\:»:e.  The  :■  p  an!  b^Mtoni  sashes  are  hung 
with  c  rr.s  and  weic^'t^.  the  center  sashes  being  stationary-. 
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The  reinforced  concrete  face  beam  farming  a  lintel  over  this 
window,  supports  the  rm^f.  In  case  of  an  engine  entering  the 
house  and  not  under  control,  due  perhaps  to  a  leaky  throttle  or 
air  brakes,  it  can  run  through  this  window  without  damaging 
the  roof  supports. 

The  ends  of  the  house  are  enclosed  between  the  concrete 
columns  with  brick  walls,  to  facilitate  future  extension. 

Floor. 

The  floor  of  the  house  is  concrete,  5"  tliick,  crowned  2"  at 
the  radial  center  line  of  columns,  sloping  toward  the  engine  pits. 
The  floor  is  laid  off  in  suitable  size  blocks,  with  sand  expansion 
joints. 

The  floor  over  the  main  heating  dnct  is  reinforced  with 
expanded  metah 

Heating. 

An  indirect  heating  system  has  been  decided  upon  on  account 
of  the  desirability  of  frequently  changing  the  air  of  the  house, 
thereby  assisting  in  removing  the  smoke  and  gases. 

A  hot  blast  heating  apparatus,  installed  by  the  B.  F.  Sturtevant 
Co..  and  designed  to  heat  an  ultimate  house  of  eighteen  stalls, 
w^as  therefore  placed  between  the  ninth  and  tenth  stalls.  Any 
extension  of  the  house  over  the  eighteen  stalls  will  require  another 
heating  unit. 

The  approximate  volume  of  the  house,  for  eighteen  stalls »  is 
757,ocxD  cubic  feet  and  the  fan  is  capable  of  handling  50,000 
cubic  feet  of  air  per  minute  at  normal  speed,  thus  making  it  pos- 
sible to  change  the  air  of  the  house  once  in  every  fifteen  minutes. 

It  was  thought  more  economical  and  advantageous  to  place 
the  apparatus  within  the  engine  house  itself  and  it  is  installed 
upon  a  reinforced  concrete  platform,  the  top  of  which  is  lo  feet 
4  inches  above  top  of  rail,  giving  ample  headroom  below. 

Owing  partly  to  the  limited  space  available  for  the  apparatus 
the  fan  selected  is  of  the  multivane  type.  In  this  fan  the  runner 
is  made  up  of  a  number  of  shallow  blades,  spoon-shaped  to  give 
maximum  efliciency  and  large  capacity  in  a  small  space.  The  fan 
is  of  the  full-housed,  vertical  down  discharge  type,  with  the 
runner  overhtmg  on  the  shaft  and  is  driven  direct  connected  by 
a  9"  X  8"  enclosed,  vertical  center  crank  engine.     The  engine  is 
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provided  with  a  system  of  forced  lubrication  and  requires  little 
attention. 

The  air  is  drawn  through  a  heater  containing  8,220  actual  lineal 
feet  of  i"  pipe,  arranged  in  two  independent  groups  of  4,110  feet 
of  pipe  each.  Each  group  is  built  in  5  sections,  each  having  4 
rows  of  pipe,  so  that  the  air  will  be  drawn  over  20  staggered 
rows  of  pipe. 

The  exhaust  steam  from  the  fan  engine  is  utilized  in  the  outside 
sections  of  the  heating  coils,  while  each  of  the  remaining  sections 
is  independently  connected  to  both  an  exhaust  and  a  live  steam 
main,  running  from  the  adjoining  power  plant,  so  that  either 
exhaust  or  live  steam  may  be  used  in  the  entire  heater  or  a  com- 
bination of  both.  Furthermore,  any  section  may  be  cut  out  of 
service  by  a  valve. 

All. of  the  air  for  heating  is  taken  from  the  outside  of  the 
building,  through  an  opening  in  the  outer  wall  and  by  means  of 
a  galvanized  steel  connection  on  the  cold  side  of  the  heater.  A 
steel  louvre  and  screen  are  placed  on  the  outside  of  the  opening. 
The  inlet  connection  is  fitted  with  dampers,  so  that  one  group  of 
the  heater  coils  need  be  used  when  the  fan  is  running  at  the 
speed  required  to  heat  the  ten  stalls  which  are  now  constructed. 
By  this  means  greater  economy  and  efficiency  is  secured  under  the 
present  conditions. 

The  heated  air  is  discharged  from  the  fan  through  a  vertical 
duct  connecting  with  the  main  hot  air  duct,  beneath  the  floor, 
around  the  outer  circle  of  the  house.  This  connection  is  con- 
structed of  concrete,  having  walls  2"  thick,  reinforced  with  Ya" 
steel  channels  and  wire  cloth.  The  main  duct  is  also  of  concrete, 
the  foundation  walls  of  the  outer  circle  of  the  house  forming  one 
side.  Steel  eye-bcanis  support  the  engine  track  over  this  duct. 
On  the  two  sides  and  bottom  the  duct  is  lined  with  hollow  tile. 
2"  thick,  faced  with  J  _."  of  cement  plaster,  to  prevent  loss  of  heat 
by  radiation. 

The  branch  ducts  to  the  engine  pits  are  constructed  of  vitrified 
pipe  below  the  engine  house  floor  and  two  outlets  are  provided 
for  each  stall,  so  located  as  to  effectively  melt  any  ice  adhering 
to  the  locomotive  running  gear.  Each  outlet,  15"  in  diameter, 
is  provided  with  a  "butterfly"  damper,  which  may  be  set  for 
any  desired  degree  of  opening.  The  damper  is  operated  by  rod. 
the  handle  of  which  is  placed  in  a  covered  pocket  beside  the 
track,  so  as  to  be  easv  of  access  and  offer  no  obstruction. 
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An  auloniatic  pump  and  receiver,  iiastalled  beneath  the  heater 
platform,  returns  the  water  of  condensation  to  the  boilers  in  the 
power  plant. 

In  designing  and  in&talHng  the  heating  system,  particular  care 
was  taken  to  locate  the  apparatus  so  that,  although  a  "wild'' 
engine  might  run  through  the  outer  circle  wall,  it  could  not 
damage  the  heating  apparatus. 

Service  Piping. 

The  engine  house  is  piped  with  a  liot  \vater  line,  for  washing 
out  and  filling  locomotive  boilers ;  live  steam  line,  for  cxcitijig 
the  draught  of  locomotives  when  firing ;  compressed  air  line, 
for  blowing  out  flues,  testing  brake  equipment,  to  operate  jacks 
and  pnenmatic  tools ;  a  fuel  oil  firing  system  for  locomotives, 
and  a  boiler  blow-off  line  to  convey  the  condensing  steam  to  a 
tank,  the  hot  water  being  used  for  filling  the  stationary  boilers  of 
the  shops. 

All  of  these  service  lines  are  suspended  from  the  roof  beams, 
along  the  outer  circle  wall  and  third  row  of  columns.  The  branch 
steam  and  water  connections  and  the  branch  steam  and  air 
connections  drop  down  at  alternating  third  row  columns.  The 
branch  steam  and  water  connections  unite  into  a  special  **Y*' 
fitting  for  making  hot  water. 

Electric  Lighting. 

The  building  is  wired  for  electric  lighting  atid.  on  account  of 
smoke  and  gases,  all  wiring  is  concealed.  The  wires  are  enclosed 
in  iron  pipes,  placed  in  the  concrete  roof  girders  and  beams. 
The  same  care  was  taken  with  the  fixtures,  which  have  no 
exposed  ironwork. 

About  the  center  of  each  girder  span,  on  the  radial  column 
center  line,  is  placed  a  5D-candie  power  G.  E.  M.  lamp  for  general 
illumination,  each  stall  being  controlled  independently  by  a  switch 
at  the  outer  circle  wall. 

Four  ifncandle  power  incandescent  lamps  are  placed  in  pockets 
of  the  drop  pit  walls.  A  plug  receptacle  is  placed  at  every 
second  row  column  and  at  the  heating  apparatus  platform  for 
the  connection  of  extension  incandescent  lamps.  The  plug 
receptacles  are  of  special  design,  so  constructed  as  to  pull  out 
before  a  strain  sufficient  to  break  the  cord  can  be  brought  to 
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bear.  This  feature  is  of  special  importance  in  the  engine  house, 
where  it  often  happens  that  the  portable  extension  lamp  is  left 
in  a  locomotive  through  carelessness,  and  when  the  locomotive 
is  run  out  either  the  cord  is  broken  or  the  wiring  torn  out. 

The  house  was  built  by  contract,  with  the  exception  of  the 
electric  lighting,  which  was  installed  by  the  railroad  company's 
forces,  all  under  the  direction  of  Mr.  E.  H.  McHenry.  \'ice  Presi- 
dent, and  Mr.  Edward  Gagel,  Chief  Engineer. 

The  reinforced  concrete  was  designed  under  the  supervision 
of  Mr.  W.  H.  Moore,  Engineer  of  Bridges. 

The  writer  is  indebted  to  Mr.  F.  J.  Easterbrook,  Assistant 
Engineer  of  Construction,  for  many  valuable  suggestions  as  to 
the  construction. 


THE  USE  OF  CONCRETE  IN  THE  NEW 

ARSENAL  AND  ARMORY, 

HARTFORD,  CONN. 

By  li\  A.  Payne. 

In  cun>kienng  the  use  of  concrete  in  the  building  of  the  new 
Arsenal  and  Armory  on  the  roundhouse  site,  the  subject  is 
roughly  divided  into  three  parts: 

1,  Foundations, 

2,  Reinforced  floor  and  roof  construction,  and 

3,  Decorative  trimming  of  the  exterior:  and  nnder  these 
heads  I  will  briefly  state  some  of  the  problems  presented  and  the 
manner  of  their  solving. 

When  the  plans  were  originally  drawn,  it  seemed  inadvisable 
because  of  the  uncertainty  of  the  final  selection  of  the  site  to 
make  many  borings  to  indicate  the  nature  of  the  underlying  strata 
and  the  drawings  were  made  showing  a  depth  and  spread  of 
foundation  which  would  be  necessary  if  hard  pan  were  encoun- 
tered  just  below  the  surface. 

Exjierience  has  shown  that  the  usual  wash  borings  made  are 
of  little  value.  One  case  in  Hartford  indicated  a  general  level 
of  rock  at  an  average  depth  of  some  12  feet,  w^hereas  none  was 
found  above  a  depth  of  20  feet  below  the  curb.  Test  holes  dug 
by  hand  are  the  best  method  of  finding  out  precisely  the  nature 
of  the  sub-surface  material  and  in  the  case  of  the  Armory  w^as 
the  only  method  to  insure  accuracy. 

The  site  having  been  finally  selected  and  the  contract  awarded, 
a  number  of  test  pits  w^ere  dug.  The  locality  had  been  formerly 
occupied  by  numerous  buildings  and  shops  of  the  railroad,  wdiich 
had  been  removed  when  the  ground  was  bought  by  the  State  aufl 
had  been  graded  over  to  cover  the  im sightly  foundations  remain- 
ing. Below  this  the  ground  over  the  southern  end  of  the  Armory 
was  conipcised  of  railroad  till  of  cinders,  gravel,  bowlders  and 
miscellaneous  material  for  an  average  depth  of  12  feet,  imder 
which  was  found  a  thick  layer  of  black  clay  and  silt,  indicating 
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the  bed  of  a  former  filled-in  pond  or  stream,  under  which  was 
hard  pan  and  rock  at  between  25  and  30  feet  below  the  basement 
floor.     Several  tests   were  made  to  determine  if  the   building 
could  be  safely  built  on  the  fill,  which  in  most  cases  was  good 
clean  cinders,  but  finding  the  bearing  capacity  of  only  a  little  over 
a  ton  per  square  foot  and  the  fact  that  the  northern  part  of  the 
building  would  rest  on  a  firm  bearing,  determined  the  architect 
to  carry  the  footing  to  hard  pan  or  rock  even  at  so  great  a 
depth  below  the  basement.     Here  another  difficulty  was   found 
in  the   location  of  the  walls  of  the  old  roundhouse   radiating 
over  the  southwestern  end  of  the  building  and  which  rested  on 
the   soft   clay   stratum.     The  low  one-story   roundhouse   might 
safely  rest  on  this  on  large  spread  footings,  but  no  part  of  the  old 
walls  could  be  used  to  support  the  new  Armor)'  of  three  stories. 
The  old  walls  were  very  heavy  and  built  of  massive  blocks  of 
stone,  which  would  be  difficult  to  remove  entirely.     Xor  could 
wood  or  concrete  piles  be  driven  to  advantage,  because  of  the 
nature  of  the  fill  and  the  lack  of  accurate  knowledge  of  just 
w^here  the  old  foundations  existed.     By  process  of  elimination, 
then,  the  method  shown  on  the  diagrams  was  selected,  that  of 
building  concrete  piles  or  piers,  extending  to  rock  or  hard  pan, 
proportioned  to  the  load  they  had  to  carr}*  and  placed  as   far 
as   possible  to  avoid   cutting  into  the  old   foundations.      These 
piles  or  piers  were  reinforced  vertically  with  steel  rods  and  were 
connected  several  feet  below  the  finished  grade  by  arches,  also 
reinforced,  built  with  straight  lines   forming  a  soffit  instead  of 
a  curve,  to  simplify   form   work.     Elaborate  figured  drawings 
were  worked  out  in  the  office  for  ever)-  wall  and  pier  affected, 
with  spread  footings  calculated  in  each  case,  for  the  guidance 
of  the  field  force  but  not  to  be  slavishly  followed.    As  it  happens, 
most   of  the   piers   rest   on   rock  and  the  spread   footings   were 
used  only  in  a  small  part  of  the  work  near  the  plunge  tank,  where 
rock  was  not   found  at  the  general  level.     The  procedure  was 
to  dig  and  sheath  pile  a  hole  several  feet  larger  than  the  pier, 
in  which   forms  were  built  to  the  pier  size  and  braced  against 
the  sheath  piling.     The  rock  was  laid  bare,  picked,  washed  and 
scrubbed  to  give  a  clean  bearing.     .After  the  concrete  was  placed 
and  set,  the  fonns  were  removed  for  re-use  and  the  perfection 
of  the  pier  work  examined  before  back  filling  and  removal  of 
the  sheath  piling  was  pennitted.     The  arches  between  piers  were 
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This  method  of  design  and  procedure,  forced  by  the  legation 
of  the  old  roundhouse  foundations,  was  used  ihrough'>ut  the 
head  house,  because  of  the  economy  effected  over  the  building 
of  continuous  foundations  of  a  depth  necessar>*  to  reach  a  hmi 
bearing  for  the  whole  structure. 

The  large  south  gable  wall,  however,  was  made  continu- 
ous and  extended  to  rock,  because  of  its  great  height  and 
consequent  weight,  which  made  the  continuous  foundation 
necessar}'  to  support  this  load.  This  wall,  moreover,  was 
increased  6  inches  in  thickness  for  ever>-  lo  feet  in  depth  below 
the  basement  floor,  to  insure  stability,  and  was  made  thicker 
toward  the  center  as  the  slope  of  the  gable  above  rose  to  the 
peak.  Weep  holes  were  also  left  to  allow  seepage  through  the 
wall. 

The  drill  floor,  which  is  at  the  first  floor  level,  is  supported  on  207 
columns,  extending  through  the  basement  and  into  firm  bearing. 
To  have  extended  to  rock  at  the  south  end  would  have  neces- 
sitated great  expense  and  labor  to  dig  so  many  small  holes.  To 
overcome  this,  a  form  of  continuous  reinforced  mattress  was 
devised,  resting  on  and  extending  north  from  the  south  gable 
wall  to  the  finn  ground  and  carrying  four  coltmins  on  each 
mattress.  The  effect  of  this  was  to  spread  the  weight  of  these 
columns  on  the  fill  at  a  pressure  of  about  i  ton  per  square 
UH)t  and  to  act  also  in  a  buttress  capacity  to  the  gable  wall  on 
the  north  side,  the  floors  of  the  head  house  bracing  this  wall 
on  the  south. 

In  designing  the  size  of  piers  a  load  of  13  tons  per  square"  foot 
was  allowed  on  the  concrete  and  rcKk  and  3  tons  on  hard  pan  for 
spread  ffx>tings.  The  concrete  used  in  the  foundations  was 
1-252-5  mixture  of  Portland  cement,  sand  and  i Jo-inch  trap 
rock,  into  which  in  the  large  walls  and  piers  were  built  pieces 
of  r(jck  and  foundation  stone  taken  from  the  old  roundhouse  and 
other  buildings,  forming  cyclo])ean  walls.  The  success  of  these 
foundations  is  atteste^l  by  the  fact  that  to  date  no  cracks  have 
been  discovered  in  the  superstructure,  although  the  final  weight 
is  now  obtained. 

7  he  Reinforced  Concrete  Floor  Construction  offers  few 
peculiar  or  unusual  features,  but  as  this  subject  is  not  as  yet 
so  well  known  or  standardized  as  steel  beam  construction,  it 
may  repay  us  to  consider  what  was  actually  done  in  this  case. 
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and  his  engineer,   using  the   formula  of for  slabs,  -^-  for 

ID  8 

beams  and  girders,  the  T  for  the  latter  for  compression  not  to 

exceed  five  times  the  width  of  the  beam  or  %  of  the  span. 

By  referring  to  the  first  floor  plan  the  arrangement  of  beams  and 
girders  is  seen,  the  irregular  spacing  being  necessitated  by  the 
architectural  requirement  that  beams  should  rest  on  the  wall  piers 
and  be  symmetrical  in  the  rooms,  as  the  ceilings  are  finished  directly 
on  the  construction  and  not  furred  down.  The  slab  thickness  is 
a  minimum  of  4  inches  for  floors  and  3  inches  for  roofs,  although 
greater  thickness  is  used  in  several  places.  The  partitions  are 
considered  as  permanent  and  their  dead  load  is  figured  only  for 
the  actual  position  as  planned.  In  most  cases  the  beams  rest 
on  masonry  walls,  those  of  the  roof  being  built  on  a  slope  to 
reduce  the  weight  of  grading  material,  and  are  placed  so  as  to 
rest  on  and  hold  down  the  main  cornice  course  of  concrete  stone 
and  counterbalance  the  weight  of  overhang  on  the  entablature. 

The  drillroom  floor,  however,  is  supported  on  the  concrete 
columns  above  referred  to,  as  shown  on  the  plan.  The  columns 
are  of  square  section  and  are  not  reinforced,  as  the  load  is  all 
vertical.  In  either  wing  of  the  head  house  some  interesting  con- 
struction is  necessar}'  to  support  the  floors  of  the  company 
officers'  rooms,  there  being  three  floors  of  these  to  two  of  the 
company  parlor  and  locker-rooms.  On  the  east  side,  the  corner 
columns  of  the  mezzanines  carry  the  loads  to  the  deep  40- foot 
plate  girders  over  the  squad  drillroom,  which  are  placed  in  pairs 
and  under  these  columns.  On  the  west,  however,  the  only 
support  under  the  officers'  rooms  is  a  brick  wall  coming  directly 
imder  the  center  of  the  rooms,  so  that  the  floor  beams  had  to 
be  designed  as  cantalevers  to  transmit  the  loads  of  the  corner 
columns  to  this  center  wall,  as  noted  on  the  diagram. 

The  stairs  throughout,  of  which  there  are  nineteen  separate 
runs  of  from  one  to  four  flights  each,  are  all  built  of  rein- 
forced concrete  with  winders,  platforms  and  straight  runs, 
designed  as  slabs  or  with  supporting  beam  strings,  as  the 
requirements  dictate.  In  most  cases  the  treads  and  risers  are 
finished  in  cement  as  built,  the  wooden  balustrade  being  fastened 
to  the  strings  with  bolts  built  into  the  construction. 

The  specification  called  for  a  concrete  roof  slab  over  the  drill 
shed  resting  on  the  steel  trusses  and  rafters.     The  pitch  of  the 
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rooi  is  30°  and  the  raflers  rim  from  the  gutter  to  ridge,  6  feet 
on  centers.  To  have  built  fornis  between  these  and  to  have 
cast  the  concrete  in  place  would  have  been  a  very  expensive  and 
difficult  operation— as  experience  has  shown  on  a  roof  of  such 
steepness.  An  arrangement  was  designed  whereby  cinder  con- 
crete slabs,  2>4  inches  thick,  2  feet  wide  and  long  enough  to 
span  tivo  rafters,  were  cast  on  a  specially  cement  finished  bed 
on  the  drill  floor  and  were  hoisted  and  set  in  place,  with  joints 
stagged  and  held  by  beam  clamps  and  angle  knees  securely 
attached  to  the  rafters.  The  slabs  were  reinforced  by  a  trussed 
wire  mesh  cloth  and  three  J^g  x  1J4  inch  steel  flats  in  each  slab. 
After  erection  the  slabs  were  pointed  up  and  the  2x8  inch 
rectangidar  recesses  left  in  the  entl  of  each  slab  were  grouted 
and  keyed  together  to  form  a  continuous  surface.  Tests  were 
made  on  these  roof  slabs  before  the  scheme  was  finally  accepted 
and  they  supported  without  permanent  deflection  a  load  of  175 
lbs.  per  square  foot,  or  five  times  the  specified  superimposed 
load. 

All  of  the  cement  used  in  this  reinforced  concrete  work  was 
tested  at  the  works  and  the  fact  that  several  lots  had  to  be 
rejected  for  failure  to  comply  with  the  specification  shows  the 
value  of  careful  testing  and  supervision.  The  cars  w^ere  sealed 
by  the;  inspector  and  delivered  at  the  site  with  onbroken  seals, 
which  were  inspected  by  the  Staters  representative  before  the 
cars  were  opened. 

The  Exterior  of  the  Armory  is  built  of  coursed  randon  range 
rubble  ashlar  of  a  beautiful  granite^  trimmed  about  openings 
and  at  numerous  band  courses  and  decorative  members  with 
artificial  stone,  manufactin*ed  for  the  most  part  at  the  site.  Plaster 
models  of  each  stone  or  type  of  stone  were  made,  tooled  and 
finished  to  the  requirements.  From  these  models  sectional  plaster 
moulds  in  reverse  were  made,  carefully  braced  and  arranged 
for  easy  removal  after  casting.  In  these  the  concrete  stone  was 
cast.  Generally  the  mould  was  made  so  that  the  final  exposed 
face  of  the  finished  stone  would  be  cast  downward.  The  mould 
was  then  carefully  lined  by  hand  with  a  composition  of  Portland 
cement,  glass  sand  and  hydrated  lime,  the  exact  proportion  of 
which  is  the  secret  of  the  contractor.  This  lining,  or  rather  the 
face  of  the  stone,  is  about  yi  or  ^  inch  thick,  fonning  a  veneer. 
The  remainder  of  the  mould  was  then  carefully  filled  and  tamped 
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with  an  ordinary  1-2-5  "^'^  ^^  coarse  aggregate.  When  the  first 
set  was  had,  varying  in  time  with  the  weather  and  other  condi- 
tions, the  stone  was  removed  from  the  mould  and  set  aside  face  up 
and  kept  damp  for  several  days  until  quite  hard.  Any  imperfec- 
tion of  surface  or  line  was  patched  soon  after  the  mould  was 
removed.  The  stone  when  well  cured  was  then  set.  as  is  usual 
with  natural  stone.  Large  pieces  with  projecting  members  were 
reinforced  with  band  iron  or  wire.  Lintels  and  cornice  members 
and  the  carved  decorations  were  so  treated  and  the  bracket 
supporting  the  foot  of  the  main  flagpole  has  a  reinforcement  of 
a  steel  angle  truss  imbedded  in  it  to  transmit  the  load  to  the  wall. 

The  central  ornament  at  the  top  of  the  head  house  is  con- 
structed in  fifteen  pieces,  but  the  large  keys  of  the  side  and 
main  entrance  arches  were  cast  in  one  piece. 

The  casting  of  the  main  entrance  arch  was  a  novel  feat.  Tlie 
design  calls  for  separate  centers  for  the  mouldings  of  the  introdos 
and  extrados.  giving  a  varying  cove  mould  between.  Tlie  mould 
for  the  full  arch  was  made  in  the  shop  by  running  the  mouldings 
in  rever>e  on  the  floor  and  then  by  means  of  thin  boards 
representing  the  joints  the  members  of  the  arch  were  cast  on 
this  full  size  reverse  mould,  insuring  by  this  method  an  accurate 
matching  and  perfection  of  the  stones. 

One  difficulty  fmiiKi  in  tlie  use  oi  ma«le  stone  was  the  long  time 
necessary  for  tlie  curiuir  <^»f  the  pieces  before  they  could  be  used, 
which  in  practice  was  hard  to  in>isi  i»n.  so  that  often  the  stones 
were  set  in  the  wall>  bef«»re  tluToughiy  hard  and  the  edges  were 
apt  to  become  broken.  The  general  appearance,  however,  is  very 
satisfactory,  and  when  orrcater  knowledge  and  facility-  is  obtained, 
the  u>c  oi  manm'acinrcd  st^ne  will  grow  for  many  buildings 
where  expense  is  to  Inr  considered. 


DISCUSSION' — The  Interestixg  Reinforced  Coxcrete 
Work  in  the  State  Arsenal  and  Armory. 

Mr.  T^'UXS-n:  What  was  the  purchase  cost  of  this  stone. 
cc-mpared,  for  instance,  with  limestone  if  it  had  been  cut  nicely? 

Mr.  Pavni::  I  have  n«»  real  basis  on  which  to  answer  that 
qucsTiv»n.  l»nt  it  is  very  much  less  expensive. 

Mr.  P»ELi>EN  :     What  brand  of  cement  did  vou  use? 
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Mr.  Payne:  Atlas;  that  is,  for  the  reinforced  concrete 
work ;  and  I  believe  Alpha  for  the  concrete  stone. 

Mr.  Belden  :  Is  the  same  cement  used  in  the  backing  of  the 
blocks  ? 

Mr.  Payxe:     Yes,  that  was  the  intention. 

Mr.  Murphy:  What  particular  tests  were  used  at  the 
cement  works  to  determine  the  quality? 

Mr.  Payne:  For  the  reinforced  concrete  work  they  were 
tested  by  the  Spackman  Engineering^  Company  of  Philadelphia, 
on  the  specifications  for  the  testings  standard  cement  specifica- 
tions. 

Mr.  Unkelbach:  Was  there  any  allowance  made  for 
shrinkage?    In  casting  the  mould? 

Mu.  Payne:  No*  none  at  all.  ;\ny  slight  shrinkage  there 
would  be  in  a  little  block  of  that  kind  would  be  taken  up  in  the 
size  of  the  joint,  in  the  accommodation. 

Mr.  Easterbrook  :  W^as  the  reason  for  using  cinder  slabs 
on  account  of  the  lightness? 

Mr.  Payne:  Yes,  that  was  so  as  to  make  the  slab  as  light  as 
possible  to  handle,  mainly. 

Mr.  Easterbrook:     Do  you  consider  the  cinder  slab  as  good? 

Mr.  Pay'Ne:  No,  not  as  good,  not  as  strong,  but  in  our  case 
the  2y>  inch  slab  showing  a  superimposed  weight  of  175  pounds 
without  permanent  deflection  shows  a  great  strength  was 
obtained.  Of  course  the  test  was  made ;  I  have  some  figures  of 
the  average :  it  was  on  a  continuous  block  over  three  supports, 
and  each  section  was  loaded  in  the  center  and  the  load  arranged 
so  that  the  concentrated  load  was  in  the  center  of  each  section, 
and  that  w^as  equivalent  to  175  pounds  per  square  foot. 

Mr.  Unkelbach:  What  is  the  span  of  the  four-inch  floor 
slab  of  the  main  drill  hall? 

Mr.  P.wne:  That  is  about  six  feet.  The  slab  throughout,^ — 
well,  some  of  them  are  as  much  as  eight  feet.  But  that  slab  was 
ten  feet.  That  of  course  is  correspondingly  thickened  and  the 
portion  of  reinforcement  is  increased. 

Member:  What  is  the  nature  of  the  finished  floor  in  that 
main  auditorium  ? 

Mr.  Payne:  That  would  be  a  wood  floor  on  sleepers.  Double 
wood  floor. 

Member:     What  is  the  object  of  the  hydrated  lime? 
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Mr.  Payne:  The  object  of  that  is  to  prevent  the  moisture 
from  getting  into  the  stone  and  discoloring  it.  Also  it  gives  a 
durable  arris  and  is  easier  to  manipulate,  as  to  the  veneer.  I  have 
a  number  of  photographs  of  the  concrete  work  here  before  they 
are  finished  with  plaster,  if  any  would  like  to  see  them. 

Mr.  Easterbrook:  What  percentage  of  breakage  did  you 
have  in  the  total  number  of  slabs  cast  and  the  total  number  of 
slabs  in  position? 

Mr.  Payne:     Of  the  roof,  you  mean? 

Mr.  Easterbrook:    Yes. 

Mr.  Payne  :  I  can't  tell  that.  Mr.  Stammers,  superintendent 
of  the  construction,  might  be  able  to  tell.  Mr.  Stammers,  can 
you  tell  the  proportion  of  the  breakage  of  the  roof  slabs  that  are 
cast  on  the  drill  shed  floor,  before  they  are  put  in  the  building? 

Mr.  Stammers:  I  don't  think  we  would  have  more  than  a 
dozen  broken.     There  are  about  2,058  slabs. 

Mr.  Ferry  :     Put  reinforcement  on  both  sides  of  the  slab  ? 

Mr.  Payne  :     No,  only  one. 

Mr.  Easterbrook  :     Did  the  slabs  have  a  lap  joint  or  square  ? 

Mr.  Payne:  Square  joints,  butt  joints.  The  three  flats  that 
were  put  in  were  put  in  there  to  allow  manipulation  and  raising 
to  reinforce.  Otherwise  the  wire  mesh  would  be  sufficient  for 
the  slab  after  it  is  set  in  position. 

Mr.  Easterbrook:  In  the  use  of  concrete  for  other  buildings 
would  the  expansion  require  any  reconstruction  of  the  concrete 
in  the  building  ? 

Mr.  Payne:  Xo,  none  at  all,  the  assumption  being  in  a 
building  that  would  be  heated  in  the  winter  time,  the  temperature 
would  not  vary  more  than  fifteen  degrees,  and  the  reinforcement 
is  considered  strong  enough  to  overcome  any  temperature  slirink- 
age  of  that  amount. 

Mr.  Clark:  1  shonkl  like  to  ask  if  you  embed  large  stone 
in  the  concrete  as  you  go  along  ? 

Mr.  Payne;  I  think  so,  stone  that  is  not  too  large  and  not 
placed  too  close  together. 

Mr.  Clark:  Of  course  in  this  case  I  suppose  it  makes  a 
diflference,  but  could  you  do  it  on  soft  ground? 

Mr.  Payne:  Well,  not  directly  on  the  footing  I  wouldn't, 
unless  where  you  have  spread  footings,  but  when  you  get  up  into 
the  pier  I  don't  think  it  is  any  detriment  at  all.    Of  course  it  all 
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depends  on  the  proportion  of  the  stone  in  the  cross  section  of 
the  pier. 

Mr.  Angus:     Don't  you  think  it  is  a  weakness? 

Mr.  Payne:     Well,  these  were  not. 

Mr.  Angus:  1  know  where  they  liave  been  used  in  a  building 
in  Wall  Street,  New  York,  and  the  corner  of  the  building  gave 
way.  That  is  the  reason  we  consider  brick  work  a  better  founda- 
tion than  stone  work,  because  we  have  less  perpendicular  joint-S. 
I  see  you  used  quite  a  lot  on  the  armory  there. 

Mr.  Payne:     Yes,  in  the  large  piers. 

Mr.  Angus:     In  the  narrow  walls. 

Mr.  Payne:  In  the  foundations.  I  don*t  think  the  pro- 
portion  used  is  at  all  unusual  or  unsafe. 

Mr.  Angus:  There  were  quite  a  number  of  them.  I  saw  in 
Cleveland  they  used  them  in  a  bridge  there,  and  a  structure  used 
for  a  hotel. 

Mr.  Payne:  Well  experience  is  of  course  the  best  test.  The 
foundations  are  complete  and  the  building  as  it  is  finally  com- 
pleted»  and  no  cracks  have  appeared. 

Mr.  Angus:  I  know  this  building  gave  way  where  they  used 
the  large  stone,  though  another  where  we  had  to  put  concrete  all 
the  way  to  get  over  quicksand,  stood  well ;  but  where  we  put  in 
the  large  stone,  that  gave  way. 

Mr.  Payne:     Perhaps  you  had  an  unequal  settlement. 

Mr.  Angus:    Well  it  was  put  up  with  stone. 

Mr.  Payne:  You  thinks  then,  it  %vas  the  failure  of  the  pier 
and  not  of  the  foundation  ? 

Mr.  .^ngus:  In  a  large  foundation  the  stone  will  stay.  They 
wanted  to  save  money  and  took  the  stone  in  the  old  building  and 
put  them  in  the  foundation.     I  think  they  made  a  mistake.* 

Mr.  Payne:     We  tried  to  guard  against  that  in  this  case. 

Mr.  Angus  :  Over  forty  years  ago  concrete  was  in  great  use 
in  New  York  City.  It  only  lasted  a  few  years  because  they  didn't 
put  it  in  right  Some  engineers  don't  put  it  in  right  now,  and 
it  will  only  last  a  short  time. 

Mr.  Payne:  Of  course  where  you  have  spread  foundations 
it  is  absolutely  necessary  to  reinforce  it.  It  is  best  to  reinforce 
it  with  steel  on  account  of  the  unequal  bearing  of  the  soil  beneath, 
because  no  soil  has  an  equal  bearing  anywhere. 

AIr.  Angus  :  The  trouble  forty  years  ago  was  they  didn*t  use 
the  right  material ;  the  weather  got  hold  of  it. 
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Mr.  Payne  :     Were  those  mattresses  reinforced  ? 

Mr.  Stammers:     Yes. 

Mr.  Payne  :     Similar  to  these  ? 

^Ir.  Stammers:  Yes.  They  were  reinforced  with  five-inch 
rods. 

Mr.  Payne:     How  thick  were  they?     Same  construction? 

Mr.  Stammers:     About  eighteen  inches  thick. 

Mr.  Payne  :     Same  as  the  bottom  construction  ? 

Mr.  Stammers:  Yes,  only  in  an  opposite  way,  because  the 
pressure  is  from  below,  between  the  column  supports. 


STRAY   THOL^GHTS    ON     BRIDGE    DESIGN 
AND  MAINTENANCE. 


By  Herbert  C.  Kdth,  Consulting  Engineer^  New  York. 

In  the  critical  examination,  during"  the  past  few  years,  of  more 
than  a  thousand  bridges  made  of  wood,  iron,  steel,  plain  and 
reinforced  concrete  and  stone,  the  writer  has  not  only  been 
streng^thened  in  some  prejudices  for  or  against  certain  forms  of 
construction  but  has  also  been  forcibly  impressed  willi  some  facts 
of  which  he  was  previously  ignorant. 

The  Anti-Tuberculosis  League  issues  circulars  with  the  alhtera- 
tive  truism  that  **dirt,  dampness  and  decay  promote  disease.*' 
Similarly  the  engineer  shoulrl  constantly  remember  that  dirt  and 
dampness  are  also  conducive  to  the  destruction  of  his  bridges. 
Of  course  we  all  know  this ;  and  we  also  know  that  the  rule 
applies  not  only  to  wood,  but  also  to  iron  and  steel.  Yet  how 
unusual  it  is  for  proper  precautions  to  be  taken  to  prevent  the 
collection  of  dirt  upon  our  structures. 

For  instance,  we  often  see  stringers  of  I-beams  or  channels 
for  the  trolley  tracks  on  a  highway  bridge  with  timber  stringers 
only  a  half  or  quarter  inch  away  for  the  planking.  Thus  a 
pocket  is  formed  where  dust  and  street  filth  will  collect  and 
hold  the  moisture,  both  to  corrode  the  steel  and  to  rot  the  wood. 
Why  not  set  the  timber  two  or  three  inches  away?  The  apparent 
reason  seems  to  be  the  saving  of  a  few  inches  of  shelf  angles: — 
dollars  sacrificed  to  save  pennies. 

Another  common  practice  is  the  placing  of  the  floor  only  one 
or  two  inches  from  the  top  of  floor  beams ;  in  such  a  case,  unless 
some  preventive  is  used,  dust  will  collect  on  the  floor-beam  flange, 
while  with  a  space  of  six  or  eight  inches  the  breeze  would  keep 
the  top  of  tlie  beam  clear.  Sometimes  evcu  a  small  strip  of  wood 
is  laid  on  top  of  the  floor  beam,  entirely  preventing  all  possibiHty 
of  the  wind  passing  through,  as  if  it  were  considered  too  much 
to  ask  of  the  planking  that  it  should  span  a  gap  the  width  of 
the  floor- beam  flange,  A  still  w^orse  modification  of  this  evil  is 
where  the  under  planking  is  laid  with  its  top  from  one-quarter 
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of  an  inch  to  two  inches  (perhaps  to  pro\nde  a  slight  crown  in 
the  street  surface)  above  the  top  of  the  floor  beam  and  a  pocket 
left  under  the  top  planking  with  no  outlet  whatever.  A  restricted 
depth  for  the  structure  may  suggest  such  construction,  but  if 
the  floor  must  be  laid  so  close  to  the  floor  beam,  the  space  may 
be  filled  in  with  asphalt  or  similar  material,  or  at  least  a  thick 
coating  may  be  used  to  protect  the  steel. 

Truss  chords,  portal  struts  and  the  bottoms  of  trestle  posts 
furnish  other  common  examples  of  pockets  for  the  collection 
of  dirt  and  its  usual  accompaniment  of  moisture;  eflFect  must 
follow  if  cause  is  present.  Trough  sections  for  chords  should 
be  avoided,  and  portal  struts  and  similar  members  should  as 
far  as  practicable  be  made  so  as  to  shed  water  rather  than  collect 
it.  When  a  trough  form  is  necessary,  large  holes  should  be 
drilled  through  the  bottom  to  provide  drainage : — small  holes  get 
stopped  with  paint  or  dirt.  Pockets  in  bases  of  posts  should  be 
filled  with  rich  concrete  (not  less  than  1-2-4,  or  equivalent  with 
gravel),  put  in  very  wet  and  the  top  finished  with  neat  cement 
and  the  surface  smoothed  to  drain  properly. 

Parapets  of  insufficient  length  or  height  may  allow  the  fill  to 
run  over  on  bridge  seats  and  around  the  steel  or  wood. 

For  the  sake  of  a  neater  finish,  the  planking  of  roadway  and 
sidewalks  is  generally  made  to  fit  nicely  against  webs  and  around 
stiflFeners  of  girders.  Original  neatness  is  soon  lost  by  the  blister- 
ing of  the  paint,  and  later  rust  flakes  under  those  blisters  tend 
to  the  destruction  of  the  bridge.  It  is  desirable  to  leave  a  two- 
or  three-inch  air  space  next  to  girders  if  practicable.  For 
bridges  over  steam  railroads  this  might  be  objectionable,  because 
of  smoke  and  steam  that  would  come  through;  in  such  case  a 
beveled  strip  .may  be  used  to  throw  the  dirt  away  from  the 
girder. 

The  writer  has  many  times  had  to  break  away  mortar  laid  up 
around  a  timber  trestle  sill  resting  on  a  concrete  or  stone  pier. 
Someone  with  good  intentions  had  tried  to  protect  the  timber, 
with  the  actual  result  of  holding  the  water  around  the  timber 
until  serious  damage  was  done. 

Timber  stringers  are  sometimes  laid  with  their  ends  surrounded 
by  the  fill,  or  with  insufficient  parapet  to  keep  back  the  earth :  in 
such  cases  decay  follows  very  rapidly,  for  capillary  action  will 
draw  the  moisture  along  the  grain  of  the  wood  much  further  and 
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more  seriously  than  it  can  enter  across  the  grain.  It  is  sometimes 
well  to  smear  the  ends  of  timbers  with  tar  or  pitch.  Spike-holes 
should  he  phij;r.i?ed,  and  the  bark  removed  from  piling^.  Except 
wdiere  teredo  or  limnoria  are  factors  affecting  their  life*  piling 
and  timber  posts  decay  far  more  rapidly  near  the  top  of  the 
gfround  or  the  surface  of  water  than  either  above  or  below  this 
region. 

In  recent  construction  it  is  not  often  that  two  timbers  are  laid 
si<Ie  by  side  close  together,  but  frequently  too  little  space  is 
left  between.  It  should  never  be  less  than  an  inch,  and  two  inches 
is  preferable :  a  pebble  or  straw  may  start  the  collection  of  dirt 
and  the  space  become  filled.  Similar  trouble  may  be  found  where 
tw^o  eyebars  in  a  steel  pin-connected  truss  bridge  are  laid  close 
at  one  end  and  spread  apart  at  the  other.  Either  they  should 
be  laid  close  for  the  whole  length  (which  is  undesirable  if  it 
can  be  avoided),  or  spaced  open  for  the  w^hole  length.  If  a  V 
is  formed,  dirt  is  sure  to  collect  and  corrosion  to  follow* 

It  is  also  desirable  to  avoid  contact  of  timber  surfaces  where- 
ever  possible.  In  timber  trestles  stringers  are  sometimes  spaced 
by  tise  of  wood  packing-blocks.  Such  stringers  may  be  seen 
rotten  for  thicknesses  of  two  inches  each  side  of  such  packing- 
blocks  and  extending  several  inches  longitudinally  beyond  the 
length  of  blocking,  while  elsewhere  the  timber  is  sound.  The  use 
of  cast-iron  separators  would  avoid  this  danger. 

The  durability  of  timber  trestles  is  sometimes  greatly  increased 
by  the  use  of  cast  shims  between  posts  and  the  sills  and  caps, 
and  on  caps  under  stringers.  Due  care  should  be  used  in  design- 
ing such  construction  lest  other  and  greater  troubles  follow  as 
a  result.  The  tops  of  timber  stringers  are  generally  first  to  decay, 
because  of  moisture  held  between  stringers  and  planking ;  a  coat 
of  tar  or  similar  materia! »  or  even  of  paint,  may  add  greatly  to 
the  life  of  both  stringer  and  planking.  In  double  planking,  unless 
the  lower  layer  is  creosoted  or  treated  with  other  preservative, 
it  will  rot  rapidly;  in  highway  bridges  the  top  layer  is  likely  to 
wear  out. 

I  Railroad  bridges  have  been  known  to  be  planked  for  the  express 
purpose  of  protecting  the  ties  from  the  weather.  Ordinary 
weather  will  be  far  more  merciful  to  ties  than  the  moisture  that 
is  sure  to  soak  through  the  plank  or  between  them  and  dry  out 
only  slowly.  Of  course  a  pitchy  timber  will  keep  out  the  moisture 
much  better  than  more  porous  woods. 
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Perhaps  it  may  not  be  amiss  here  to  call  attention  to  the  fact 
that  all  woods  suffer  great  reduction  of  strength  before  they 
reach  such  a  condition  as  to  be  called  rotten.  Oak  and  chestnut 
suffer  in  this  way,  while  still  apparently  retaining  their  original 
texture. 

It  is  well  known  that  cement,  being  alkaline,  acts  as  a  preserva- 
tive for  iron  and  steel;  and,  probably  with  this  in  mind,  the 
ends  of  I-beam  stringers  are  sometimes  encased  in  abutments, 
perhaps  composed  of  sandstone  laid  with  a  very  thin  mortar. 
The  porosity  of  such  masonry  will  do  more  harm  than  to  balance 
the  alkali  of  the  cement.  But  even  in  rich  concrete  temperature 
changes  will  loosen  the  stringer  in  the  masonry,  unless  the  span 
is  very  short,  and  corrosion  will  result.  In  a  certain  very  short 
stringer  span  now  in  mind,  where  the  concrete  is  still  sound, 
there  is  another  trouble  never  elsewhere  observed  by  the  writer 
in  anything  like  the  same  degree,  though  a  suggestion  of  the 
same  trouble  has  been  observed:  there  is  a  decided  reduction 
of  section  by  rust  on  the  whole  periphery  of  the  beam  due  to 
rain  flowing  down  the  face  of  the  abutment. 

As  an  individual  the  writer  ts  one  who  would  like  to  see  the 
use  of  alcoholic  liquor  as  a  beverage  stopped  entirely  if  it  were 
possible.  As  things  are,  he  is  content  with  a  license  law,  but 
thinks  the  license  fees  should  be  higher  and  the  proceeds  used 
to  ameliorate  the  injury  done  by  the  use  of  liquor  sold  under 
its  authority.  In  like  manner,  as  a  bridge  engineer  who  realizes 
that  many  of  his  fellowmen  are  fond  of  dogs,  he  would  favor 
a  high  license  for  them  and  wishes  that  the  receipts  therefrom 
might  be  put  into  a  fund  for  the  maintenance  of  bridges.  If 
it  were  all  so  used  throughout  this  state,  it  would  hardly  begin 
to  make  up  for  the  damage  the  dogs  do  to  the  bridges. 

The  value  of  paint  does  not  seem  to  be  perfectly  understood 
by  all  men  having  the  care  of  bridges,  for  sometimes  it  is  used 
on  timber  where  it  would  be  better  for  the  structure  not  to  be 
painted.  When  ties  on  a  railroad  bridge  are  painted,  the  top 
is  soon  worn  through,  allowing  the  moisture  to  enter  the  tie, 
while  the  ])aint  on  the  bottom,  sides  and  ends  prevents  its  quickly 
drying  out. 

r>ut  a  far  more  frequent  cause  for  complaint  is  the  omission 
of  paint  from  iron  and  steel  structures,  or  the  lack  of  thorough- 
ness in  doing  the  work.     Some  time  ago  a  highway  bridge  was 
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exaniineil  in  which  the  strength  of  the  stringers  and  floor  beams 
and  also  of  the  main  girders,  especially  below  the  floor,  was 
greatly  reduced  by  corrosion :  evidently  the  lower  part  of  the 
bridge  had  never  been  painted  since  erection,  while  the  upper 
part  w^as  rejoicing  in  a  fresh  coat,  As  considerable  rust  showed 
under  the  new  paint,  the  recommendation  was  made  that  the 
bridge  be  thoroughly  cleaned  and  painted,  adding  in  capitals 
"especially  below  the  floor.*'  Examination  a  year  later  showed 
the  lower  part  of  the  bridge  still  untouched  and  corrosion  further 
advanced,  but  the  upper  part  was  still  sticky  with  new  paint, 
applied,  however,  over  the  old  rust  spots.  Apparently  the  select- 
men  thought  they  knew  too  much  to  waste  paint  by  using  it 
where  its  beauty  would  not  be  seen. 

As  many  of  us  know,  it  is  hard  to  get  painters  to  thoroughly 
clean  off  dirt  and  rust— in  fact,  it  is  often  said  to  be  impossible — 
but  if  metal  is  not  cleaned,  paint  is  worse  than  wasted  that  is  put 
on  over  rust  (unless  the  spots  are  small)*  If  the  skin  of  paint 
is  broken,  moisture  will  be  held  against  the  steel  the  longer  to 
do  its  destructive  work. 

It  may  be  asked  what  kind  of  paint  is  best.  The  writer  has 
seen  too  many  bitter  paint  fights  to  be  willing  in  this  connection  to 
befog  the  issue  by  specifying  any  brand.  Many  paints  are  good 
if  the  structure  is  properly  prepared  and  the  paint  properly 
applied  under  right  conditions.  At  different  seasons  different 
paints  might  be  preferred,  but  ahvays  clean  ihe  stceL 

We  hear  a  great  deal  said  about  the  effect  of  electrolysis  by 
leakage  of  current  from  trolley  wires.  Very  Hkely  much  damage 
may  be  done  to  water  and  otiier  pipes  buried  in  the  ground  which 
may  assist  the  return  current  to  their  own  destruction :  but 
bridges  are  different.  It  is  doubtful  if  there  are  a  dozen  cases 
of  recently  destructive  electrolysis  in  as  many  hundred  bridges 
that  the  writer  has  recently  examined  :  the  electrolysis  *'gag" 
is  enormously  overworked.  Of  course  these  remarks  are  not 
intended  to  refute  or  even  discuss  the  recent  theory  that  all  rust 
is  electrolytic,  generally  wdth  infinitesimal  voltage:  the  term  is 
used  wdth  the  more  common  meaning. 

While  on  the  subject  of  rust  it  may  not  he  improper  to  speak 
of  the  great  superiority  of  iron  to  steel  in  this  regard ;  the  writer 
believes  that  if  it  were  possible  to  obtain  structural  iron  such 
as  was  used  tw^enty-five  years  ago,  we  could  w^el!  afford  to  pay 
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double  the  price  of  steel,  in  spite  of  the  fact  that  steel  has  the 
higher  ultimate  tensile  and  compressive  strength.    If  both  were 
cared  for  according  to  our  ideals,  both  iron  and  steel  would  have 
a  durability  almost  inconceivable :  but — alas  for  human  frailty ! — 
even  men  trained  in  just  this  line  all  their  lives  have  allowed  their 
own  property  to  be  neglected.     If  such  men  allow  their  own 
pockets  to  suffer  so,  how  much  more  are  bridges  in  care  of 
untrained  officials  likely  to  deteriorate,  especially  in  the  hidden 
parts  ?    With  ordinary  care — or  neglect — good,  well-puddled  iron 
has  a  life  several  times  as  long  as  that  of  ordinary  commercial 
structural  steel.    A  bridge  is  in  mind  where,  in  order  to  strengthen 
the  floor,  steel  stringers  were  added  ten  years  ago  to  reinforce 
the  iron  stringer?,  then  about  ten  years  old.    These  steel  stringers 
showing  serious  depreciation — or  perhaps  to  further  strengthen 
the  floor — additional  steel  stringers  were  put  in  a  few  years  later. 
The  older  steel  stringers  have  little  more  than  a  rust  streak  left 
and  the  newer  ones  are  in  a  much  worse  condition  than  the 
original  iron  stringers  placed  there  four  times  as  long  ago.     Of 
course  it  will  be  observed  that  this  bridge  is  an  unusually  bad 
illustration  of  how  bridges  are  neglected. 

In  this  connection  may  we  not  ask  why  cast-iron  pedestals 
should  not  be  more  frequently  used  for  a  girder  or  truss  instead 
of  shoes  built  up  of  plates  and  shapes?  Cast  iron  will  stand 
far  more  neglect  than  rolled  or  forged  metal — either  steel  or  iron. 
Such  pedestals  may  require  more  metal  to  ^ve  equal  strength, 
but  dirt  is  sure  to  collect  on  bridge  seats,  especially  if  the  ends 
are  closed,  and  it  is  desirable  to  keep  the  more  vulnerable  rolled 
metal  up  out  of  danger.  Of  course  in  many  places  cast  shoes 
would  be  out  of  the  question.  .At  times  low-bearing  blocks  of 
stone  set  above  the  general  bridge  seat  would  be  a  happy  solution. 

We  sometimes  hear  a  large  thickness  given  as  the  amoimt  of 
paint  on  a  bridge,  because  the  calipered  thickness  of  a  member 
exceeds  that  given  on  the  plans  by  the  stated  amount.  It  is  not 
safe  to  jump  too  hastily  to  such  a  conclusion,  for  the  fact  may 
be  that  there  is  but  little  if  any  sound  metal  left.  Rust  swells 
to  from  three  to  eight  times  the  thickness  of  the  original  metal 
of  which  it  is  composed :  a  little  experience  will  enable  one  to 
judge,  by  the  appearance  of  the  rust  flake,  approximately  what 
thickness  of  metal  it  represents. 
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In  the  United  States  there  arc  thousands  of  bridges  which 
have  roller  bearings  in  which  the  diameter  of  the  rolls  is  from 
one  and  three-fourths  to  three  inches,  and  in  which  the  rolls 
have  not  turned  for  years.  In  fact,  it  is  doubtful  whether  there 
are  as  many  hundreds  of  roller  bearings  of  less  than  three  inches 
diameter  which  work  as  they  were  planned  to  do,  as  there  are 
thousands  with  the  bridge  sliding  upon  the  rollers,  A  small 
amount  of  dirt  collects  under  the  rolls,  so  that  the  sliding  friction 
on  top  of  the  rolls  is  less  than  the  force  required  to  turn  the 
rolls  over  the  dirt.  Or  perhaps,  instead  of  extraneous  dirt,  the 
obstruction  is  a  thin  film  of  rust  on  the  bedplate,  swelling  and 
presenting  an  obstruction  more  firm  than  would  be  made  by  any 
dust  the  breeze  would  be  likely  to  carry.  At  a  certain  highway 
bridge  in  one  of  the  large  cities  of  this  state,  the  roller  bedplate 
shows  such  a  layer  of  rust  nearly  a  quarter  inch  in  height 
(representing  about  one-sixteenth  inch  of  original  metal).  Large 
segmental  rollers  should  be  used  instead  of  the  smaller  sizes  of 
cylindrical  ones. 

Though  many  enthusiasts  seem  to  consider  concrete  an  ideal 
construction  material  in  every  w^ay,  especially  when  used  in  com- 
bination with  steel,  yet  some  more  conservative  (even  if  the 
propriety  of  calling  them  more  careful  be  denied  )  engineers,  see 
danger  in  its  unrestricted  use  in  all  places,  at  all  times  and  under 
all  conditions.  Probably  it  will  be  generally  conceded  that  con- 
crete is  sometimes  poorly  mixed  or  placed,  and  that  the  resulting 
structure  is  unsatisfactory.  It  may  also  be  acknowledged  that 
when  concrete  (especially  if  lean  and  mixed  rather  dry)  stands 
in  tidal  water  and  is  subjected  to  freezing  weather  between 
periods  of  submersion,  it  is  liable  to  disintegrate  to  a  greater 
or  less  extent.  A  case  is  in  mind  where  concrete  which  presents 
a  good  appearance  above  high-water  mark  has  lost  a  large  part 
of  its  surface  below  that  leveK  with  a  maxinium  depth  of  hole  of 
nearly  two  feet  from  the  face  of  the  masonry ;  this  w^all  was 
built  only  seven  years  ago.  Had  this  been  the  face  of  a  rein- 
forced concrete  arch,  the  condition  of  the  reinforcement  may  be 
imagined.  The  WTiter  is  of  the  opinion  also  that  sea  water  filled 
with  sewage  and  acids  from  factories  and  dyehouses  might  cause 
disintegration  of  concrete,  even  if  the  temperature  never  fell 
to  the  freezing  point. 
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Perhaps,  too,  even  the  enthusiasts  will  admit  that  some  rein- 
forced concrete  is  designed  by  incompetent  engineers,  or  by  men 
with  more  confidence  than  engineering  training  or  ability. 
Attention  might  be  called  to  a  reinforced  concrete  arch  footbridge 
which  was  probably  beautiful  to  look  upon  when  it  was  built, 
with  its  marble  tablets  telling  the  name  of  the  donor,  but  now 
its  contours  suggest  the  convolutions  of  a  snake.  It  is  to  be 
hoped  that  its  collapse  will  not  occur  when  loaded  to  what  was 
claimed  as  its  capacity. 

The  writer  has  great  respect  for  good  concrete,  both  plain  and 
reinforced,  for  well-designed  structures,  built  in  suitable  locations 
and  of  materials  well  mixed  and  of  good  proportions;  but  in 
view  of  the  large  amount  of  reinforced  concrete  built  where  one 
or  more  of  these  conditions  is  not  fulfilled,  he  believes  that  fifteen 
or  twenty  years  hence  reinforced  concrete  will  be  less  popular 
than  at  present.  He  does  not  mean  to  say  that  the  expected 
disfavor  will  be  more  reasonable  than  the  present  popularity. 

Bridge  substructures  are  generally  considered  such  simple 
things,  and  are  generally  built  of  such  durable  materials  that 
there  is  but  little  study  given  to  them,  unless  there  are  unusual 
features  connected  with  them,  such  as  unusual  size  or  occasion 
for  artistic  development.  It  is  surprising  to  sec  how  many  abut- 
ments and  piers  are  built  right  on  the  bed  of  the  river,  or  the 
top  of  the  ground,  or  nearly  so,  with  no  thought  of  settlement, 
or  possible  scour  from  the  current,  or  heaving  from  the  frost. 
Some  are  too  thin  for  their  quality,  while  others  waste  enough 
to  make  uj);  again,  we  see  some  plans  with  piling  standing 
unsupported  for  a  great  depth  below  the  platform,  simply  because 
their  slimness  was  not  appreciated  because  it  was  under  water 
and  out  of  sight.  Riprap,  either  dumped  in  loosely  or  carefully 
placed  according  to  the  requirements  of  the  particular  conditions, 
would  have  saved  many  structures  from  failure.  In  waters 
infested  by  the  teredo  and  limnoria,  however,  unless  the  riprap 
could  be  depended  upon  to  silt  u])  quickly  and  stay  filled  (which 
can  be  expected  only  in  rare  cases ;,  the  pileheads  should  be  pro- 
tected as  well  as  stiffened  by  concrete.  On  the  other  hand,  a 
short  time  ago,  in  the  case  of  a  certain  bridge  and  its  substructure, 
in  water  far  from  the  sea  and  therefore  without  danger  from 
these  l)orer<;,  the  fact  that  the  concrete  about  the  pileheads  was 
poor  was  urged  to  belittle  the  value  of  the  property,  and  it  was 
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clainieil  that  expensive  cofferdams  must  be  built  and  the  old  con- 
crete removed  and  replaced  with  new:  the  only  value  of  the 
concrete  in  this  case  was  to  stiffen  the  pileheads,  which  w*as  as 
well  done  by  the  existing'  concrete,  poor  as  it  was  found  to  be. 
If  there  was  danger  of  the  old  concrete  washing  out  (which  was 
not  shown),  the  use  of  a  little  ri]>rap  would  have  saved  thousands 
of  dollars  of  what  was  proposed  to  be  spent.  Or  in  the  origfinal 
construction  there  mig-ht  have  been  a  saving  by  the  use  of  riprap 
instead  of  concrete. 

Perhaps  it  will  be  considered  a  digression,  or  a  change  of 
subject,  but  there  are  a  few  points  in  general  design  of  which 
the  writer  would  like  to  speak. 

A  large  proportion  of  our  bridges,  even  of  modern  build,  are 
limited  as  to  their  capacity  by  **skimping"  on  tht:  details.  A 
few^  days  ago  a  bridge  was  examined  that  had  failed  under  load, 
the  bottom  chord  of  the  truss  having  broken  off'  square  just 
because  its  real  strength  was  only  about  half  what  might  have 
been  supposed  from  an  outline  drawing  giving  the  sizes  of  the 
main  members.  The  reinforcement  for  the  middle  panel  stopped 
so  close  to  the  panel  point  that  its  strength  could  not  be  developed, 
and  in  the  attempt  to  do  so  in  a  short  distance,  rivets  were  so 
crowded  that  the  net  section  was  greatly  reduced. 

Three  thousand  years  ago  the  much-quoted  wise  man  said, 
'Tut  not  your  trust  in  princes."  Had  the  psalmist  lived  at  the 
present  time  and  had  as  large  experience  at  bridge  inspection 
as  he  did  with  royal  families,  he  might  now  say,  *'Put  not  your 
trust  in  faced  joints.'*  To  be  sure,  to  err  on  the  side  of  modera- 
tion rather  than  of  exaggeratinn.  it  may  he  safely  said  that  in  light 
highway  bridges  not  one  case  in  ten,  where  the  plans  call  for 
faced  joints,  has  a  satisfactory  joint  in  the  finished  structure. 
Were  it  not  for  tlie  fact  that  the  efficiency  of  rivets  is  far  in 
excess  of  what  cmr  ordinary  working  rules  suggest,  many  bridges 
now  doing  good  work  would  long  ago  have  gone  to  their 
destruction. 

Apropos  of  rivet  and  pin  values ;  a  bridge  was  taken  down 
about  twenty  years  ago  in  which,  according  to  the  ordinary  rules 
for  figuring  them,  certain  tloor-beam  rivets  were  sidijected  to  a 
shear  of  80,000  pounds  per  square  inch  and  a  bearing  stress  of 
130,000  pounds  [>er  square  inch.  The  floor  beam  was  cut  apart 
to  fin<l   the  actual  conditions  and   nothing  abnormal  appeared. 
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The  same  bridge  had  pins  which,  by  the  common  method  of  cal- 
culation, would  appear  to  be  strained  to  300,000  pounds  per  square 
inch.  The  pins  were  in  good  condition.  This  bridge  was  of 
iron. 

Many  bridges,  especially  drawbridges,  have  end  floor  beams  of 
wholly  inadequate  proportions,  because  made  only  half  as  strong 
as  the  intermediate  floor  beams,  while  the  actual  load  they  may 
have  to  bear  is  usually  even  larger.  Let  us  suppose  the  case  of 
an  end  floor  beam  of  a  drawbridge ;  the  stringers  must  be  carried 
across  the  beam  and  overhang,  to  allow  for  the  curve  of  the 
end  of  the  draw  plus  whatever  clearance  may  be  allowed  for  the 
trusses.  A  car  or  road  roller,  or  even  an  ordinary  wagon,  in 
entering  or  leaving  the  bridge,  has  one  pair  of  wheels  at  the 
extreme  edge  of  this  overhang  while  the  other  pair  is  perhaps 
the  same  distance,  or  even  less,  the  other  side  of  the  floor  beam. 
The  leverage  may  bring  the  whole  weight  (or  possibly  more)  of 
the  car  or  other  vehicle  upon  the  end  floor  beam ;  while  with  an 
intermediate  floor  beam,  unless  the  panels  are  long,  it  is  impossible 
to  get  as  great  a  load.  To  the  further  disadvantage  of  the  end 
floor  beam,  the  vehicle  in  coming  upon  the  draw  span  has  to  cross 
an  opening  of  greater  or  less  width,  and  strikes  the  edge  of  the 
overhanging  floor  a  blow  that  must  awe  any  engineer  observing 
it  and  remove  any  surprise  he  may  have  had  at  seeing  the  condi- 
tion of  the  floor  beam  bcMieath. 

There  is  no  claim  that  this  paper  contains  any  newly  discovered 
facts ;  but  all  of  us  at  times  make  mistakes  when  we  know  better 
than  we  do,  simply  because  our  attention  is  directed  for  the 
moment  toward  some  other  phase  of  the  case.  For  this  reason  it 
is  well  occasionally  to  collect  and  repeat  some  of  the  well-known 
facts,  that  they  may  more  surely  come  to  mind  when  their  use  is 
needed.  Some  of  these  facts,  too,  may  not  have  been  sufficiently 
driven  home  to  the  minds  of  the  younger  engineers,  to  whom  we 
look  for  so  much  of  the  designing  of  our  works. 

Neither  would  the  writer  claim  that  his  work  has  always  been 
free  from  the  defects  enumerated.  Some  of  the  facts  were  not 
pounded  into  his  brain  at  the  beginning  of  his  career.  In  fact, 
some  have  been  learned  by  experiences  more  or  less  bitter.  He 
hopes,  however,  that  his  large  observation  of  many  and  varied 
conditions  has  made  him  better  able  in  new  designing  to  avoid 
the  mistakes  he  has  seen. 
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Lest  anyone  should  suppose  that  all  the  faults  cited  arc  found 
along  the  line  of  one  system  of  railway  with  which  some  of  the 
hearers  know  of  the  writer's  connection^  he  would  state  that 
they  arc  taken  from  several  different  states,  some  far  distant  from 
New  England,  And,  as  some  of  the  city  engineers  of  Connecticut 
know,  some  of  the  worst  cases  referred  to  are  in  bridges  for 
which  the  railway  is  not  responsible,  llafl  there  been  the  same 
intimate  acquaintance  with  some  other  city  engineers,  they  might 
have  learned  something  about  bridges  in  their  charge  that  would 
have  opened  their  eyes  with  surprise* 

It  has  been  difficult  to  obtain  time  to  prepare  this  paper,  much 
of  which  has  been  written  on  the  train;  but,  if  the  bridges  of 
Connecticut  shall  be  the  better  for  it,  either  in  the  care  given 
to  existing  bridges  or  in  the  desigii  of  those  to  be  built,  the 
result  will  have  well  repaid  the  effort. 


DISCUSSION^ 


-Stray  Thoughts  on  Bridge  Design  and 
Maintenance. 


Mr,  Slocum  (by  letter)  :  Mr.  Keith's  paper,  along  with  that  of 
Mr.  Herman  K.  Higgins,  before  the  Boston  Society  of  Civil  Engi- 
neers, on  "Replacement  of  Bridges  and  Allied  Structures,''  are 
invaluable  contributions,  mature  evidence  and  digested  informa- 
tion which  the  bridge  engineer  is  fortunate  in  obtaining  in  so 
presentable  and  interesting  form. 

It  is  quite  true  that  the  life  of  a  structure,  whether  railroad  or 
highway,  depends  quite  as  much  on  the  accessibility  and  spacious- 
ness of  all  its  parts,  its  freedom  from  small  spaces  and  pockets 
which  attract  and  catch  dirt  and  moisture  as  on  the  strains  it 
safely  absorbs.  Could  the  designer  have  such  a  depth  of  floor 
as  would  enable  him  to  avoid  dirt-collecting  intervals  and  joints 
that  absorb  drainage,  a  healthy  and  easily  maintained  structure 
could  be  produced,  but  as  experienced  designers  know,  such  ideal 
conditions  seldom  obtain  and  probably  never  wd!,  particularly 
in  congested  localities  where  a  minimum  approach  grade  for  a 
crossing  is  demanded  and  where  clearances  for  railroads  demand 
an  absolute  minimum  depth  of  structure.  While  much  can  be 
done  in  designing  and  constructing  a  more  open  structure,  this 
too  has  its  serious  objections  in  allowing  the  exhaust  and  smoke 
to  come  tip  through  the  floor  from  the  railroad  below,  causing 
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runaways  and  other  consequent  inconvenience  and  damage.  The 
designer  is  generally  compelled  and  feels  it  necessary,  in  order  to 
keep  the  expense  of  heavy  grades  as  low  as  possible,  to  bring  his 
floor  plank  right  down  on  to  his  floor  beam,  or  just  clear  it. 

It  is  hard  work  to  impress  town  and  city  fathers  with  such 
details,  when  they  have  a  grade  crossing  to  abolish,  when  they  are 
thinking  more  actively,  and  perhaps  with  good  reason,  of  the 
increased  cost  in  handling  their  decreased  loads  up  tiresome 
grades. 

The  writer  thinks  that  there  is  but  little  excuse  for  the  con- 
struction of  wood  floors  on  any  highway  bridge  in  any  locality  at 
the  present  day.  Present  timber  plank  floors,  much  in  vogue  and 
in  good  practice  but  yesterday,  two,  three  or  four  years  ago,  are 
giving  way  and  must  to  more  economical  and  permanent  con- 
struction in  solid  masonry  floors.  The  construction  of  piers  and 
slabs  or  masonry  arches  can  be  accomplished  as  economically,  if 
not  cheaper,  than  old  types,  now  plainly  effete,  and  which  are 
only  of  much  concern  to  us  because  we  have  got  to  maintain 
them  and  not  because  we  expect  to  build  many  more  of  them. 

Mr.  Keith's  arraignment  of  the  imperfections  of  steel  and 
timber  construction  is  a  very  strong  argument  for  the  use  of 
materials  of  greater  permanence.  Moisture  will  always  be  col- 
lected and  absorbed  in  timber  work,  because  it  is  the  nature  of 
vegetable  fiber.  No  artificial  treatment  of  wood  can  make  it  as 
good  as  masonr}^ 

Drainage  grooves  in  concrete  or  reinforced  concrete  bridges 
can  be  provided  and  cut  in  proper  and  suitable  places  to  shed 
water  without  entering,  streaking  or  discoloring  the  structure,  or 
rusting  out  the  structure  if  it  be  partly  steel.  It  has  seemed  to  the 
writer  that  the  problem  of  draining  solid  concrete  floors  is  easier 
of  solution  than  those  composed  of  steel  troughs. 

The  virtues  of  structural  iron,  of  which  we  took  advantage  two 
or  three  decades  ago,  and  now  of  historical  interest,  are  not  so 
pertinent  to  present  construction  as  the  study  and  investigation  of 
latter-day  materials,  whose  properties  are  now  well  established 
but  which,  along  with  steel  in  compression,  and  other  materials 
of  construction,  much  has  to  be  learned. 

The  writer  has  made  it  his  practice  to  visit  and  follow  the  struc- 
tures he  has  designed,  during  construction,  at  completion,  and 
again,  as  often  as  time  permitted,  after  the  structure  had  been 
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in  use  a  year  or  more,  and  in  this  connection  he  thinks  that  the 
low  setting  of  steel  bridges  is  responsible  for  much  unnecessary 
cost  of  maintenance,  for  the  CQllection  of  dirt  and  cinders  about 
the  bearings  making  it  difficult  to  keep  the  ends  clean  and  as  well 
painted  as  other  parts.  A  step  in  the  right  direction  would  be  to 
require  all  steel  truss  and  girder  bridges  to  be  set  on  cast-iron 
pedestals,  or  bearing  blocks,  at  least  a  foot  high  above  the  bridge 
seat,  so  as  to  have  the  structure  up  out  of  the  dirt.  The  writer 
has  in  mind  a  heavy  double  track  through  a  ri vetted  truss  rail- 
road bridge*  on  ihe  design  of  which  he  spent  considerable  time, 
particularly  the  details  of  the  bearings.  This  new  main  line 
structure,  replacing  an  old  and  lighter  structure,  fitted  onto  the 
old  masonry  in  rather  too  snug  quarters,  so  that  in  a  measure 
the  close  quarters  helped  the  collection  of  cinders  and  dirt.  The 
shoes  and  segmental  rolls  of  this  heavy  structure  rested  on  a 
grillage  or  nest  of  old  rails  as  an  additional  sanitary  precaution. 
Cinders  and  dirt  concealed  a  good  part  of  these  bearings  after 
a  year  and  a  half  of  use,  with  every  evidence  that  the  rollers, 
with  polished  arcs,  did  not  roll  but  slid  with  changes  in  tempera- 
ture; and  after  all,  perhaps  the  bridge  is  serving  its  purpose 
just  as  well  if  you  cannot  see  your  face  in  the  polished  arcs  of 
the  segmental  rollers.  It  is  quite  true  that  much  refinement, 
spent  in  design,  is  out  of  place  when  compared  with  the  care 
the  structure  receives  when  in  use. 

The  paint  question  seems  to  be  an  endless  one,  requiring  much 
patient  investigation,  with  no  immediate  prospect  of  absolute  and 
reliable  conclusions.  As  to  the  superior  advantages  of  one  kind 
over  another  under  so  many  varying  conditions,  the  writer  knows 
of  no  better  advice  than  that  given  by  an  honored  member  of 
this  Society,  whose  assistant  the  writer  was  for  a  number  of 
years:  "Try  it  on  your  particular  bridge  and  watch  it,  noting 
all  the  circumstances  of  its  application  and  conditions  of 
maintenance.*' 

To  those  of  us  who  are  apart  and  who  are  watching  the 
progress  of  bridge  construction,  it  will  be  generally  conceded 
that  open  floors  for  railroad  bridges  and  timber  floors  for  high- 
way bridges  are  fast  being  superseded  bysohd  floors  of  reinforced 
concrete,  or  some  combination  of  concrete  and  steel  in  which  the 
steel  is  amply  and  permanently  protected  in  doing  its  part  of  the 
work.     Where  the  combination  is  used,  the  concrete  should  do 
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its  share  of  the  work.  Steel  sections  figured  Jts  taking  all  the 
load  and  encased  or  lost  in  large  masses  of  concrete,  is  hybrid 
construction  which  belongs  to  the  uncertain  or  transition  period 
of  reinforced  concrete,  a  period  now  safely  past.  To-day  timber 
floors  for  highway  structures  and  open  floors  for  railroad  bridges 
should  be  the  exception  rather  than  the  rule.  Slabs  and  arches  of 
reinforced  concrete  and  concrete  are  now  replacing  various  forms 
of  less  permanent  bridge  construction,  because  they  are  more 
economical  in  first  cost,  if  handled  by  an  up-to-date  engineering 
organization,  and  such  construction  is  good  for  an  indefinite 
period  of  time,  requiring  practically  no  maintenance.  One 
of  the  many  numerous  cases  in  point,  showing  the  tendency 
and  progress  of  the  science  and  practice  of  bridge  construction, 
is  that  of  the  new  Hopatcong  cut-off  of  the  Delaware.  Lacka- 
wanna &  Western  R.  R.  This  construction  is  through  rugged 
country,  where  a  large  amount  of  bridge  work  was  necessary-  and 
where  concrete  and  reinforced  concrete  were  the  main  con- 
struction bridge  materials,  the  use  of  steel  bridge  work  being 
comparatively  insignificant. 

The  writer  makes  bold  to  say  that  the  reinforced  concrete 
arch  will  eventually  be  the  graceful  remedy  for  most  of  the  usual 
ordinar}*^  bridge  problems,  and  where  an  arch  or  a  series  of 
arches  is  not  feasible,  slabs,  piers  and  beam  construction  will 
prevail. 

It  is  not  necessary  to  enter  upon  a  discussion  of  the  superior 
advantages  of  concrete  and  reinforced  concrete  construction,  its 
first  place  in  materials  of  construction  is  now  well  established. 
Its  uncertainties,  or  what  we  are  in  doubt  about,  are  rapidly 
becoming  certainties  and  exact  knowledge. 

The  profession,  dealing  mostly  in  exact  knowledge,  is  not 
much  concerned  with  the  popularity  of  any  material  of  con- 
struction, except  in  so  far  as  the  public  safety  is  concerned. 
Popularity,  as  Mr.  Keith  infers,  is  transient  and  real  values 
eventually  become  known. 

In  regard  to  the  conservative  and  radical  elements  of  the 
engineering  profession,  in  their  views  of  new  materials  of  con- 
struction, our  views  are  much  the  result  of  our  personal  knowl- 
edge and  interests,  and  it  is  interesting  to  note  the  "line-up"  and 
the  results  of  the  labors  of  the  committees  of  our  national 
engineering  organizations  who  are  investigating  the  new 
materials  of  construction. 
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Mr.  Sheldon  (by  letter) :  Many  books  and  papers  have  been 
written  treating  upon  the  design  of  steel  and  iron  highway 
bridges,  and  not  a  few  upon  preservative  coatings,  but  little  has 
been  written  and  but  a  comparatively  small  amount  of  thought 
bestowed  upon  many  of  the  vitally  important  points  covered  in 
Mr.  Keith's  valuable  paper. 

More  especially  with  reference  to  the  past,  but  also  in  speaking 
of  the  present,  it  is  true  that  a  very  large  perceinage  of  all  the 
iron  and  steel  highway  bridges  built  in  this  country  are  built  from 
competitive  plans  snbmitted  by  structural  steel  contractors. 
These  plans,  as  a  rule,  are  drawn  by  thoroughly  competent 
bridge  engineers,  who  are  instructed  before  designing  the  bridge, 
as  to  the  load  \vhich  it  must  be  capable  of  sustaining,  informed 
as  to  its  dimensions  and  given  all  other  necessary  data.  It  then 
becomes  the  duty  of  such  an  engineer  to  design  a  structure  as 
light  as  can  be  produced  to  meet  the  requirements  of  loading;  for 
all  other  things  being  equal  the  ligliter  the  tonnage  the  cheaper 
the  structure  of  any  one  class  can  be  produced. 

If  a  2"  X  2"  X  '"^/i/'  angle  has  sufficient  section  to  take  the  strain 
imposed,  why  should  the  designer  substitute  an  angle  of  a 
heavier  section,  know^ing  that  if  he  carried  such  a  policy 
throughout  the  design  that  his  company,  under  the  close  com- 
petition of  to-day,  would  not  have  many  light  highway  bridges 
to  build?  Yet  ^/j^  of  an  inch  deterioration  through  corrosion 
represents  practically  one-third  of  the  total  section  of  a  member 
Yiij  of  an  inch  in  thickness.  Or  in  the  case  of  a  tension  member, 
suppose  that  through  a  shop  error  a  hole  is  punched  slightly  off 
center,  then  plugged  and  punched  again  ;  the  effective  section  of 
an  angle  as  small  as  2  x  2,  wdiatever  its  thickness,  is  very  greatly 
decreased  when  passed  through  the  treatment  just  described. 

Another  defect  in  detailing  frequently  seen  is  that  of  connecting 
but  one  leg  of  a  tension  member  to  a  gusset  plate*  or  similarly  of 
neglecting  to  splice  the  vertical  legs  of  bottom  chord  angles  in  a 
trus5»  depending  simply  upon  a  lateral  connection  or  tie  plate  to 
perfonn  this  office.  Gusset  plates  at  bearings  of  light  rivetted 
highway  trusses  are  frequently  seen  extending  outward  far 
beyond  the  base  plate,  having  no  milled  joints  and  with  perhaps 
not  more  than  one-fourth  of  the  rivets  connecting  the  bottom 
chord  member  to  the  gusset  plate  performing  the  duty  for  which 
they  were  in  existence.     The  fact  that  the  friction  between  the 
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heads  of  rivets  and  plates  is  not  considered  when  determining  the 
number  of  rivets  to  be  used  at  a  connection,  together  with  the 
additional  fact  that  a  rivet  when  driven  has  a  diameter  practi- 
cally Vie  of  an  inch  larger  than  its  diameter  as  taken  for 
calculation,  has  probably  contributed  toward  the  life  of  a  great 
many  rivetted  joints. 

A  lateral  bracing  system  forms  no  unimportant  part  of  many 
steel  superstructures.  Yet  many  bridges  are  erected  having  the 
vertical  legs  of  angle  bracing  in  the  plane  of  bottom  flanges  to 
floor  beams,  turned  upward,  thereby  making  a  trough  both  to 
hold  water  and  conduct  it  to  the  lateral  connections  and  flajiges 
of  main  girders  and  trusses  at  point  of  floor-beam  connections. 

Another  factor  in  bringing  steel  for  certain  forms  of  bridge 
construction  into  some  disfavor,  coupled  with  the  absolute  dis- 
regard of  parties  having  the  maintenance  of  bridges  in  their 
hands,  to  the  necessity  of  bestowing  a  reasonable  amount  of  care 
and  attention  on  a  structure  when  once  erected,  may  be  found  in 
the  failure  to  thoroughly  clean  the  steel  in  the  shop  under  close 
inspection  before  applying  the  initial  shop  coat.  The  writer  firmly 
believes  that  a  cleaning  and  painting  specification  covering  shop 
work  far  more  rigid  than  is  the  present  practice,  understood  by 
all  parties  concerned  as  a  specification  which  will  be  enforced  and 
a  factor  not  to  be  forgotten  by  the  contractor  when  figuring  work, 
would  result  to  the  material  advantage  of  the  owner  of  tlie  struc- 
ture. 

While,  as  stated  by  Mr.  Keith,  cast  iron  does  not  corrode  to 
nearly  the  same  extent  as  steel  and  hence  might  be  used  to  some 
advantage  in  certain  cases,  I  believe  that  its  use  should  not  be 
encouraged  in  other  than  the  simplest  forms  of  castings  and 
never  used  where  sudden  or  eccentric  hea\y  loading  may  be 
imposed,  the  unequal  coolini::  and  contraction  of  the  metal  during 
manufacture,  with  the  attendant  liability  to  set  up  and  develop 
strains  within  itself,  as  well  as  the  liability  of  castings  to  contain 
imperceptible  blow-holes,  would  seem  sufiicient  to  condemn  its 
use  in  many  instances. 

Practically  all  of  the  points  covered  in  this  paper  are  doubtless 
well  known  and  are  not  given  with  the  idea  that  any  new  facts 
have  been  disclosed. 

Mr.  Orrok  :  Mr.  President,  I  think  Mr.  Keith  is  to  be  con- 
gratulated on  the  paper  which  he  has  given  us  to-day.     I  had 
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the  opportiinityf  coming  up  from  New  York  with  Mr.  Keith 
yesterday,  to  read  over  the  paper.  There  were  a  few  points 
which  I  noted  at  that  time  which  he  has  brought  out  to-day,  and  I 
wish  to  say  a  few  words  about  them. 

Mr.  Keith  rather  dodges  the  question  of  paint.  We  had  a  httle 
argument  about  that,  but  that  is  neither  here  nor  there.  I  wish  to 
call  the  attention  of  the  Sociey  to  the  use  of  fish  oil.  otherwise 
menhaden  oil,  in  the  preparation  of  paints  for  metal  when  exposed 
to  the  action  of  salt  air  I  don*t  know  w^iether  any  of  you  have 
had  occasion  to  use  it»  but  I  think  if  you  have,  you  will  see  that 
it  has  a  number  of  advantages  over  ordinar}^  linseed  oil.  Fish  oil 
is  generally  considered  an  adulterant  of  hnseed  oil,  but  in  this 
particular  case  I  have  found  it  in  my  practice  of  very  great  value. 

I  want  also  to  call  the  attention  of  tlie  Society  to  recent 
experiments  that  have  been  made  on  the  effect  of  manganese, 
silicon  chromium,  titanium  and  tungsten,  in  the  making  of  steel 
where  it  is  to  be  used  for  outside  exposure.  The  ordinary  steel 
that  has  gone  into  bridges  in  the  past  has  been  very  largely 
Bessemer  steel,  made  by  the  acid  process  and  usually  recarburized 
by  ferro-manganese  or  ferro-silicon.  and  it  contains  at  least  ^/,^ 
of  one  per  cent,  of  manganese.  That  is  a  little  large  for  exposed 
work.  I  think  that  the  steel  that  is  made  in  the  next  few  years 
will  contain  very  much  less  manganese,  very  much  less  silicon 
and  probably  the  addition  of  titanium,  tungsten  or  vanadium  in  a 
very  small  amount,  and  we  shall  at  last  get  a  structural  material 
which  will  be  vastly  better  than  the  old  wrought  iron  that  Mr. 
Keith  speaks  of. 

Mr.  Keith  makes  a  statement  there  regarding  reinforced  con- 
crete with  which  Mr.  O'Connor  agreed.  There  has  been  a  good 
deal  of  reinforced  concrete  put  in  in  the  last  ten  or  fifteen  years 
which  will  not  stand  the  test  of  time. 

1  want  to  say  a  word  about  the  reason  of  this.  I  have  made 
a  number  of  investigations  on  the  effect  of  salt  water  on  con- 
crete, hot  salt  water.  There  are  a  number  of  power  stations  in 
New  York  in  w^hich  the  condensing  water  tunnels  are  large,  ten 
or  twelve  foot  diameter  concrete  tunnels,  not  reinforced.  In  two 
or  three  of  these  tunnels  we  have  observed  a  deterioration  which 
took  place,  in  the  cases  under  observation,  in  the  first  six  months 
after  the  tunnel  was  put  in  service.  We  traced  that  effect  to 
certain  brands  of  cement  used,  or  rather,  not  to  certain  brands  of 
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cement  but  to  certain  analyses  of  cement,  because  we  have  had 
good  cement  of  the  same  brands.  I  think  that  the  cause  of  this 
is  due  to  the  fact  that  most  cement  manufactiu-ers  up  to  the 
present  time  have  not  taken  sufficient  care  in  the  analysis  of  the 
aggregate  before  it  goes  into  the  kihi.  I  have  found  that  varia- 
tions in  the  analysis  as  large  as  five  per  cent,  took  place  from  day 
to  day.  The  analysis  of  the  cement  itself  is  worked  on  what 
they  call  the  hydraulic  coefficient.  They  tr\'  to  keep  that  within 
a  limit  of  1J/2  per  cent.  That  is  much  too  large.  The  cement 
processes  should  be  so  worked  that  there  would  not  be  differences 
of  over  one  per  cent.,  when  the  analysis  is  made  by  the  same  man 
and  with  the  same  degree  of  care. 


I  am  sorry  we  have  no  blackboard  here  to-day :  I  would  like  to 
draw  you  a  set  of  curves,  and  I  will  take  the  opportunity-  of 
putting  the  set  of  cur\'es  in  publication  later  on.  These  cur\'es 
show  a  set  of  tests  that  we  have  been  making  covering  certain 
cements  that  we  have  used,  and  run  along  from  one  day,  seven, 
fourteen.  twent}'-eight.  six  months,  and  two  years,  showing  the 
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increase  of  strength,  or  rather  the  variation  of  stren^h  of  the 
neat  cement  briquette.  These  curves  are  very  interesting.  Some 
brands  will  in  seven  to  fourteen  days  become  exceedingly  strong 
and  then  they  will  drop  down  to  about  two-thirds  strength,  and 
then  increase  at  the  six  months*  test  and  then  drop  otf  again. 
Some  curves  will  rise  up  in  kind  of  a  seesaw,  others  will  start  in 
low  and  increase  gradually*  others  will  go  way  up  high  and  then 
go  down  with  a  sweep.  The  final  strength  of  all  of  these  brands 
of  cement  is  about  the  same ;  and  as  the  making  of  the  test  was 
done  by  the  same  man  and  under  like  temperature  conditions,  and 
broken  in  the  same  machine  w*ith  the  same  degree  of  care,  we 
think  that  the  tests  are  fairly  representative*  1  also  show  a 
curve  from  Taylor  and  Thompson  showing  the  mean  of  loo^ooo 
briquettes  covering  a  great  variety  of  brands  of  cement. 

As  to  the  effect  of  ice  on  the  face  of  concrete  wall,  I  have  had 
personally  no  opportunity  of  seeing  concrete  sea  walls  with  a 
longer  exposure  than  about  seven  years.  Those  that  we  have 
built  get  such  exposure  as  we  have  in  New  York  City,  where 
there  ma}^  be  ice  for  perhaps  ten  or  twelve  days  in  the  year.  We 
have  had  no  difficulty  with  those  walls.  Over  in  Massachusetts 
where  they  get  much  more  ice,  the  difficulty  has  been  very  much 
larger,  and  there  is  a  set  of  experiments  being  made  over  there 
now  at  the  Charlestown  navy  yard  from  which  we  hope  fur  con- 
siderable results. 

The  President:  I  am  sure  we  would  be  very  interested  to 
receive  this  information  from  Mr.  Orrok  on  tlie  effect  of  hot  salt 
water  on  concrete*  and  it  will  make  a  very  valuable  addition  to 
oor  published  report. 

Mr.  Belden:  I  would  like  to  ask  Mr.  Orrok  what  was  the 
trouble ;  he  speaks  of  the  variation  of  five  per  cent,  in  analyses 
of  raw  material  during  parts  of  the  same  day?  What  element 
in  the  analysis  does  he  estimate  causes  the  trouble  with  his 
concrete  ? 

Mr.  Orrok:  My  opinion  is  that  the  analysis  of  cement  may 
vary  very  widely  in  different  brands  of  cement,  due  to  the  dif- 
ference in  the  rock  from  which  it  has  been  made.  Now  each 
cement  mill  making  cement  from  a  certain  kind  of  rock  should 
find  the  analysis  that  gives  them  the  best  cement.  That  is  no 
I  sign  that  the  next  cement  mill  half  a  mile  away  can  use  that 

^ft     .same  analysis*     T  don't  think  that  is  possible.    The  mills  that  I 
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have  access  to  are  more  or  less  removed  from  each  other,  and 
analyses  of  the  best  cement  in  each  of  those  mills  are  quite  widely 
different.  But  the  best  results  are  obtained  where  they  pick  out 
that  one  analysis  which  serves  best  and  then  follow  that  right 
straight  along  in  their  manufacture.  I  know  one  firm  that  has 
been  making  cement  now  for  the  last  three  years  in  which  the 
analysis  has  not  varied  but  a  trifle  over  one  per  cent,  in  tliat  time. 

Mr.  Belden  :     That  is  the  total  basis  on  the  variation  ? 

Mr.  Orrok:  No,  that  is  the  hydraulic  coefficient.  But  the 
limestone,  clay  and  cement  rock  are  so  proportioned  that  the  con- 
stituents are  not  more  than  one  per  cent,  apart  from  the  standard 
analysis. 

Mr.  Belden  :     That  variation  occurred  in  the  lime  ? 

Mr.  Orrok:  In  the  lime  and  also  in  the  alumina  and  silica. 
If  you  have  the  opportunity  yourself  to  get  these  facts,  I  think 
you  will  come  to  the  same  conclusion.  I  don't  think  it  is  possible 
to  get  a  standard  cement.     I  have  been  unable  to  myself. 

Mr.  Furber  :  I  would  like  to  ask  the  last  speaker  one  ques- 
tion ;  that  is,  regarding  the  use  of  fish  oil  as  a  paint  oil.  That  is 
not  a  new  thing  to  me.  I  have  heard  it  suggested  before  that 
fish  oil  was  used  for  paint,  but  I  always  thought  that  it  was  a 
question  of  cheapening  the  product.  Fish  oil,  as  I  understand  it, 
is  a  non-drying  oil  and  it  forms  a  more  or  less  stick}''  substance 
when  used  with  paint,  which  of  course  is  easily  removed  by 
abrasion.     I  would  like  to  know  what  the  virtues  of  fish  oil  are. 

Mr.  Orrok:  Menhaden  oil,  the  oil  of  which  I  spoke,  is 
rather  higher  in  price — has  been  for  the  last  five  years — than 
linseed  oil,  and  it  is  not  used  now  as  an  adulterant.  Menhaden 
oil  is  a  non-drying  oil,  but  the  addition  of  dryers  will  bring  it  so  it 
will  dry  in  twenty-four  hours :  that  is  about  the  average  time 
that  ordinary  steel  preserving  paints  take  to  dry ;  so  that  where 
it  has  been  used  there  was  no  trouble  from  the  drj'ing.  I  first 
saw  its  advantage  down  on  Long  Island,  where  they  used  it 
sixty  years  ago  in  the  painting  of  wooden  houses.  One  particular 
house  that  I  have  in  mind  was  painted  seventy  years  ago,  and  the 
paint,  although  not  as  fresh  as  it  was  when  it  was  put  on,  yet  is 
in  very  good  shape.  It  was  from  that  that  I  commenced  to  use 
it  and  have  been  quite  successful  in  the  minor  works  where  I 
have  had  a  chance  to  try  it  out.  I  have  never  had  much  bridge 
work  outside,  but  I  would  like  to  see  it  used  because  our  experi- 
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ence  with  it  has  been  very  good  indeed.  I  wouldn't  call  it  an 
adulterant. 

Mr.  Furber:  Does  it  make  a  hard  surface  or  is  the  surface 
soft? 

Mr.  Orrok:  It  is  somewhat  flexible,  as  a  linseed  oil  paint 
will  he.  It  doesn't  dry  out  hard;  it  makes  a  very  good  paint 
There  are  some  of  the  air-blown  linseed  oils  that  act  in  a  similar 
manner;  '*Lncol/*  which  was  used  on  the  Brooklyn  bridge,  you 
may  remember  that, 

Mr.  Keith  :  Before  the  discussion  closes  I  would  like  to 
repeat,  lest  it  might  not  be  sufficiently  observed,  that  my  reason 
for  not  saying  an>^hing  about  paint  is  not  that  I  haven't  ideas 
on  the  subject,  for  I  have  pretty  positive  ones,  but  I  did  not  wish 
to  befog  the  issue  that  I  was  making,  which  is  the  use  of  the 
good  paint  properly  applied.  And  with  regard  to  the  steel  and 
iron,  I  was  referring  to  the  commercial  steel  of  the  present  day 
and  the  commercial  iron  of  twenty-five  years  ago.  Also  with 
regard  to  the  popularity  of  reinforced  concrete,  I  was  not  saying 
that  the  predicted  loss  of  popularity  w^as  any  more  reasonable 
than  the  present  undue  popularity  which  it  has ;  simply  tliat  the 
failures  are  going  to  make  the  pendulum  swing  the  other  way. 

Mr.  Hill:  The  hour  is  late  and  I  will  not  take  the  time  now 
to  discuss  this  paper;  I  simply  wish  to  express  my  appreciation 
that  Mr.  Keith  has  been  able  to  capture  his  stray  thoughts,  and 
given  us  the  benefit  of  them  this  morning,  because  the  sugges- 
tions that  have  been  made  are  admirable. 


Mr.  Clark  became  a  member  of  this  Association  in  1887,  an 
later  an  honorary  member.  He  was  born  in  Putnam,  in  this  State, 
March  26,  1824,  and  died  in  the  same  to\^Ti  April  13,  1908,  at  the 
ripe  age  of  eighty- four  }'ears.  He  graduated  from  Bacon 
Academy  and  taught  school  in  Colchester  and  East  Hampton, 
occupying  his  spare  hours  in  the  study  of  civil  engineering. 

Beginning  in  1849,  ^^^  was  employed  for  some  time  in  chemical 
work  in  Providence*  followed  by  employment  as  draughtsman  in 
a  Boston  office*    Indoor  work  proving  prejudicial  to  his  health,  he 
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entered  the  employ  of  the  New  Jersey  Central  Railroad  Com- 
pany as  a  civil  engineer.  He  laid  out  the  town  of  Cambria  and 
the  mills  of  the  Cambria  Iron  Company. 

After  considerable  time  spent  in  mining  engineering,  in  1857 
he  returned  to  Putnam  and  became  assistant  engineer  under 
William  Lester  of  the  Boston,  Hartford  &  Erie  Railroad.  Later 
he  opened  an  office  in  Putnam  and  for  many  years  was  the  prin- 
cipal civil  engineer  and  surveyor  of  Windham  County,  doing  a 
great  variety  of  work  required  by 'manufacturers,  real  estate 
owners  and  others. 

The  writer  was  in  his  employ  for  about  a  year  in  1872-3  and 
enjoyed  the  benefit  of  his  library,  his  experience  and  his  kind 
instruction  and  advice.  He  was  much  interested  in  scientific 
matters  and  especially  in  astronomy.  For  many  of  his  last  years 
such  studies  occupied  much  of  his  time  and  active  mind. 

C.  E.  Chandler, 

Committee  on  Necrology. 
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Convention  called  to  order  at  ii.io  a.  m.,  in  Pythian  Hall,  Hartford, 
President  Edward  W.  Bush  in  the  chair. 

It  was  voted  to  accept  the  minutes  of  the  previous  meeting  as  printed 
in  the  annual  report. 

Secretary  Jackson  read  the  report  of  the  Board  of  Direction,  as 
follows  : 

Report  of  the  Board  of  Direction. 

At  a  meeting  of  the  Board  of  Direction  held  in  North  Sheffield  Hall. 
New  Haven,  February  ii,  1908,  the  resignation  of  H.  D.  Card  was  accepted. 
The  resignation  of  C.  M.  Ingersoll  was  tabled.  The  following  members 
were  dropped  from  the  rolls :  O.  F.  Cooley,  H.  DeB.  Forbes,  Edwin  Jone>. 
Frank  Loomis,  E.  J.  Xoblc,  W.  C.  Watson,  G.  D.  Young.  The  following 
applications  for  membership  were  approved :  Jonathan  H.  Child,  Walling- 
ford,  Conn. ;  Matthias  W.  Denman,  Springfield,  Mass. ;  Chas.  A.  Sibley, 
St.  Louis,  Mo.;  Charles  P.  Waterman,  Bristol,  Conn.;  E.  C.  Webster, 
New  Haven,  Conn. 

At  a  meeting  at  the  Asantawae  Club,  July  17,  1908,  the  Secretary  was 
instructed  to  write  the  Arkansas  Society  expressing  the  Board's  approval 
of  House  Bill  No.  before  last  Congress.     It  was  voted  to  hold  the 

summer  meeting  at  Lake  Compounce,  the  arrangements  to  be  left  to  a 
committee  appointed  by  the  President. 

At  a  meeting  August  12,  1908,  at  Lake  Compounce,  the  following  applica- 
tions were  approved :  George  B.  Allen,  Tiartf  ord,  Conn. ;  Albert  S.  Brain- 
ard.  East  Hartford,  Conn.;  Robert  J.  Coe,  Terryville,  Conn.;  Joseph  W. 
Cone,  Greenwich,  Conn. ;  Fred  C.  Hunter,  Waterbury,  Conn. ;  Malcolm 
Merritt,  Port  Chester,  Conn. ;  William  H.  Miller,  Waterbury.  Conn. : 
Julius  Sterling,  New  Rochelle,  N.  Y. ;  Charles  F.  Taylor,  Windsor,  Conn.; 
Frank  W.  Wright,  Putnam,  Coim.,  for  full  membership  and  Warren  P. 
Bristol,  Hartford,  Conn.,  for  associate  membership. 
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At  a  meeting  January  8.  1909.  in  the  City  Hall,  New  Haven,  the  ballots 
for  nominations  for  officers  for  1909  were  canvassed  with  the  following 
results : 

President*  Frederick  J.  Easterbrook,  New  Haven. 
I  St  Vice  President^  Shepard  B.  Palmer,  Norwich* 

A*  William  Sperry,  New  Haven* 
2d   Vice  President,  Charles  A.  Ferry,  New  Haven. 
Sheldon  E.  Miner.  Greenwich, 
Secretary  and  Treasurer,  J.  Frederick  Jackson,  Xew  Haven. 
Board  of  Direction,  Edward  W.  Bush,  Hartford. 

Charles  F,  Chase,  New  BritaiiL 
Henry  J.  Kellogg,  New  Haven. 
The  President  appointed  Messrs.  Kellogg  and  Easterbrook  a  committee 
to  audit  the  Treasurer's  books  and  accounts.  The  resignations  of  C.  T. 
Bissell  and  C,  M.  Ingersoll  were  accepted.  The  names  of  .\.  C»  Hcilraan» 
R.  G.  Pike  and  H.  W,  Sperry  were  dropped  from  the  rolls.  It  was 
voted  that  the  annual  meeting  be  a  two  days'  session,  that  it  be  held  at 
Hartford,  the  arrangements  to  be  left  to  a  committee  to  be  appointed  by 
the  President. 

Signed,  Edward  W.  Bush, 

Hekky  J.  Kellogg. 

J.    K.    PUNDERFORD, 

Chas.  F.  Chase, 

F,  J,   EASTEkflROOK, 

Geo.  K.  Cran'ball, 

Board  of  Direction, 
Attest: 

J.  Frederick  Jackson,  Secretary. 

It  was  voted  to  accept  the  report  and  print  the  same  in  the  Pro- 
ceedings. 

Report  of  the  Secretary  was  read  by  Mr.  Jackson,  as  follows: 

Rek^rt  of  the  Secret  All  v. 
To    the    Officers   and    Members    of    tfpe    Connecticut    Society    of    Civil 

Engineers: 

Your  Secretary  respectfully  submits  the  following  report: 

In  June,  sixteen  hundred  copies  of  the  twenty- fourth  annual  proceedings 
were  printed  and  distributed  to  the  members,  to  those  societies  with  whom 
we  exchange,  and  to  diflFercnt  libraries  and  inslttiitions  of  learning. 

The  Society  held  one  additional  meeting  on  August  12,  a  trip  to  Lake 
Compounce,  where  the  members  amused  themselves  plavnng  hall,  and 
enjoyed  a  trip  to  the  filtration  beds  of  the  city  of  Bristol,  sitting  down  to 
a  sheep  bake  at  the  close  of  the  day. 

The  Secretary  has  during  the  year  attended  the  different  meetings  of  the 
Board  of  Direction;  has  had  printed  and  distributed  notices  of  the 
different  meetings,   bills    for  dues  and  advertising,   and  the   ballots    for 
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nominations  and  election  of  officers.  The  canvass  for  nominations  resulted 
as  stated  in  the  report  of  the  Board  of  Direction. 

During  the  year  seventeen  new  members  have  been  elected,  one  honorar>-, 
fifteen  active  and  one  associate;  five  active  members  have  resigned,  nine 
active  and  one  associate  have  been  dropped,  and  one  honorar>%  Edgar  Clark 
of  Putnam,  Conn.,  has  died. 

The  membership  on  February  8,  1909,  is  as  follows : 


Feb.  10,  08. 

Elected. 

Resigned. 

Dropped. 

Died. 

Feb.  8.  f.<5. 

Honorary         12 

I 

I 

12 

Active            264 

15 

5 

9 

0 

266 

Associate     .     8 

I 

0 

I 

0 

8 

Total  284  17  5  10  I  286 

Voted  to  accept  the  same  and  print  in  the  Proceedings. 
Report  of  the  Treasurer  read  by  Mr.  Jackson,  as  follows: 


Report  of  the  Treasurer  for  the  Year  ending  February  8,  1909. 

/.  Frederick  Jackson,  Treasurer,  in  account  with  the  Connecticut  Society 
of  Civil  Engineers. 
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February  6,  1909. 

Having  this  day  examined  the  books  and  accounts  of  the  Treasurer  we 
hereby  certify  that  they  arc  correct  and  that  the  balance  in  the  banic  agrees 
with  the  same,    Abo  that  t!ie  above  is  a  correct  statement 

F.  J,  EasterbrooKj 
Henry  J.  Kellogg, 
Auditing  Committee  of  the  Board  of  Direction. 

Voted  10  accept  and  print  in  the  Proceedings. 

Mr,  Hill  of  the  Committee  on  Stream  Measurements  said:  Mr  Presi- 
dent and  Gentlemen,  the  committee  on  measurement  of  streams  and 
special  legislation  in  relation  to  the  assessment  of  damages  for  taking  the 
water  for  public  water  supplies,  have  talked  the  matter  over  individually 
and  informally  among  themselves*  and  also  had  a  meeting  this  morning 
in  relation  to  the  matter.  The  chairman  of  the  committee.  Senator 
Brinsmade«  was  obliged  to  go  to  the  Capitol,  but  the  committee  decided 
that  it  is  very  questionable  whether  any  special  legislation  is  necessary 
or  practical  at  the  present  time.  There  are  other  matters  in  relation  to 
it  which  may  cover  the  ground,  and  the  committee  would  respectfully 
beg  leave  to  report  progress  and  that  the  matter  be  continued. 

I  would  like  to  say  personally  that  I  appreciate  very  greatly  the  services 
of  our  fellow  member  of  the  committee,  Mr.  Chandler,  for  the  excellent 
manner  in  which  he  has  rearranged  the  measurements  of  streains  already 
taken,  and  put  them  in  very  convenient  form  for  the  use  of  engineers, 
I  think  all  engineers  who  have  occasion  to  use  these  measurements  will 
appreciate  that  work.  But  in  the  present  case  the  committee  simply  asks 
permission  to  report  progress  and  to  be  continued. 

Report  accepted  and  committee  continued. 

The  following  members  were  elected,  unanimous  consent  being  requested 
to  include  the  name  of  Nathan  J.  Gibbs : 

For  active  membership:  Gardner  G,  Riggs,  Waterbur>%  Conn.;  Fred- 
erick G.  Patience,  New  Britain.  Conn.;  George  A.  Orrok»  Flatbush,  New 
York;  Carroll  A.  Campbell,  West  Hartford,  Conn.;  George  B.  McCon- 
nell.  New  Haven.  Conn. ;  James  L.  McElroy,  Bridgeport,  Conn. ;  Rawlins 
Lowndes,  Waterlmry,  Conn,;  Everett  W.  Lewis.  New  Haven.  Conn,; 
Andrew  A.  Can  field.  Bridgei)ort,  Conn. ;  Richard  L.  Saunders,  New 
Britain,  Conn.;  Rodney  B.  Miller,  New  Haven,  Conn.;  Nathan  J.  Gibbs, 
Norwich.  Conn,;  Remsen  B.  Cole.  Jr..  Waterbury.  Conn.;  Herbert  V. 
Olds,   Hartford,  Conn.;    William   H.   Kershnw.  Bridgeport,  Conn. 

For  associate  membership:    William  F.  Hickey,  Boston.  Mass. 


ADDRESS  OF  PRESIDENT  EDWARD  W.  BUSH. 

For  twenty- five  years  this  Societ}-  has  lived,  grown  and  prospered  and 
the  annual  meeting  this  year  may  well  be  considered  the  "Silver  Jubilee** 
in  its  histor>'.  The  question  has  long  since  been  answered  w^b ether  or  not 
there  is  a  neeil  in  Connecticut  for  such  a  society  as  this.  Those  few  civil 
engineers  who  organized  the  Society  in  1884  were  not  mistaken  and  they 
10 
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Started  an  organization  which  has  been  of  inestimable  value  to  its  members 
and  also  to  the  State  of  Connecticut  as  well. 

This  is  the  age  of  rapid  changes  and  we  no  sooner  get  one  set  of 
engineering  problems  settled  than  others  appear  with  mushroom-like 
rapidity  to  perplex  the  engineer  and  keep  him  guessing.  For  example, 
after  many  years  of  agitation,  discussion  and  experiment,  macadam  roads 
have  come  into  general  use.  Now  the  swift  moving  automobiles  are 
rapidly  tearing  them  to  pieces  and  the  road  engineers  are  called  on  to 
invent  a  road  surface  that  will  stand  the  effects  of  auto  travel.  Various 
experiments  in  road  building  and  pavements  have  been  tried  in  different 
cities  and  parts  of  the  state  in  the  endeavor  to  secure  a  lasting  road  sur- 
face that  will  be  durable,  dustless,  and  will  withstand  auto  travel :  and  it 
is  hoped  that  members  of  this  Society  will  soon  present  papers  on  this 
subject,  so  that  the  results  obtained  in  one  locality  may  become  known 
and  available  to  other  parts  of  the  state. 

There  is  another  subject  that  I  would  suggest  that  the  Society  consider, 
that  is,  the  present  manner  in  which  the  land  description  sur\-ey  is  written 
in  most  deeds.  Probably  all  members  of  this  Society'  have,  at  one  time  or 
another,  had  occasion  to  try  and  locate  land  from  surveys  given  in  deeds 
and  have  been  unable  to  establish  a  single  comer  without  recourse  to  other 
and  better  descriptions  of  abutting  propert>'.  It  would  seem  that  we  have 
made  no  progress  in  the  past  two  hundred  years  in  the  way  most  deeds 
are  drawn,  and  there  is  room  for  a  much  needed  improvement  here.  The 
lawyers  will  probably  claim  that  the  drawing  of  deeds  is  lawj-er's  work. 
So  it  is,  and  an  examination  of  some  deeds  will  prove  that  the>-,  and  they 
alone,  did  the  work.  In  looking  up  a  boundar>'  line  some  months  ago  I 
found  six  deeds  of  abutting  property  owners,  each  survey  describing  the 
property  as  being  bounded  by  the  highway  and  land  of  the  various  neigh- 
bors, without  a  single  distance  or  angle  in  the  entire  tract  and  nearly  all 
the  fences  gone.  It  may  be  that  for  good  and  sufficient  reasons  the  present 
custom  of  permitting  the  recording  of  deeds  that  describe  land  that  cannot 
be  identified,  shall  be  continued;  but  the  subject  could  be  investigated  by 
a  committee  of  the  Society,  if  it  so  desired,  and  if  after  due  considerati«.>n 
it  was  thought  best  to  endeavor  to  get  the  present  law  amended,  I  am  sure 
the  influence  of  this  Society  would  have  great  weight  in  the  deliberations 
of  the  General  .Assembly. 

The  past  year  has  been  one  of  financial  depression  which  has  had  its 
effect  on  the  amount  of  engineering  work  done,  but  we  apparently  have 
now  passed  the  ebb  tide  and  can  confidently  again  expect  the  return  flood 
tide  of  prosperity.  One  would  think,  by  the  many  replies  of  members. 
that  they  ''didn't  have  the  time,"  when  approached  for  an  engineering 
paper,  that  the  "hard  times"  had  not  struck  the  members  of  this  Society 
at  all. 

The  summer  meeting  of  the  Society  was  held  on  August  12,  at  Lake 
Compounce,  attended  by  seventy- five  members  and  guests.  A  visit  was 
made  the  sewage  filtration  plant  of  the  town  of  Bristol.  The  annual  ball 
game  between  nines  captained  by  Messrs.  Easterbrook  and  Jackson  was 
played  and  the  question  of  supremacy  is  still  in  doubt,  as  the  losing  side 
claim  they  played  against  ten  men. 
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You  will  notice  in  the  report  of  the  Treasurer  that  there  has  been  a 
change  from  the  custom  followed  heretofore,  in  the  manner  of  presenting 
the  financial  condition  of  the  Society.  As  the  bills  for  dues  are  paid  in 
advance,  a  considerable  sum  is  received  just  prior  to  the  annual  meeting, 
and  is  later  used  to  pay  for  printing  the'  annual  report.  This  fact  should 
be  taken  into  account  when  considering  the  ftnancial  condition  of  the 
Society.  Last  year  the  Society  met  with  wnustial  expenses  in 
printing  the  annual  report,  due  to  the  expensive  inset  illustrations  of  one 
of  the  papers;  also,  the  hook  was  a  large  one.  We  started  the  present 
year  with  a  deficit.  The  report  printed  this  year  was  not  as  large  and  we 
were  able  to  gbtain  more  advertisements,  so  that  the  receipts  this  j^ear  will 
exceed  the  disbursements  by  about  two  hundred  dollars.  During  the  year 
the  Board  of  Direction,  contrary  to  a  usual  custom,  have  made  no  appro- 
priation from  the  funds  of  the  Society  for  the  expenses  of  this  meeting 
or  the  meeting  held  in  August. 

At  the  last  annual  meeting  the  Secretary  was  authorized  to  edit  and 
condense  the  printed  report  of  the  meeting.  This  change,  besides  decreas- 
ing the  printer*s  bill,  has  been  a  most  beneficial  one,  the  appearance  of  the 
book  being  greatly  improved  by  it.  I  wish  to  congratulate  the  Secretary 
on  the  excellent  manner  in  which  he  has  issued  the  annual  reports  from 
year  to  year.  Our  publication  is  a  model  of  its  kind  and  this  is  due  to  the 
careful  and  exacting  work  of  our  Secretary. 

In  closing,  I  wish  to  extend  hearty  thanks  to  my  associate  officers  and  to 
all  committees  and  others  who  have  assisted  by  their  counsel  and  services 
in  the  affairs  of  the  Society  during  the  past  year. 

Voted,  that  the  address  of  the  President  be  accepted  and  printed  in  the 
annual  report. 


President:   Has  anyone  anything  to  ofTer  in  the  way  of  new  business? 

Mr.  Bunce:  Mr.  President.  I  would  like  to  have  your  idea  as  to 
whether  we  are  to  take  up  any  of  these  recommendations  at  this  meeting 
or  whether  they  should  be  referred  to  a  committee,  for  instance,  to  con- 
sider the  advisability  of  appointment  of  committees  at  a  later  period  at  this 
meeting? 

The  President:  I  might  say  that  the  Society  could  discuss  the  matter 
now  if  they  wanted.  1  have  talked  with  two  or  three  members  of  the 
Society  who  are  interested  especially  in  the  work  of  filing  deeds,  and 
those  that  I  talked  with  thought  that  the  subject  might  be  investigated 
by  the  Society.  Unfortunately  Mr.  Washburn*  who  was  one  of  those 
I  talked  with,  is  out  of  town  to-day. 

Mr.  Bi^nce:  It  seems  to  me  that  there  are  two  suggestions  in  your 
annual  report  that  are  ver>'  worthy  of  consideration.  T  think  that,  first, 
the  suggestion  you  make  in  reference  to  road  building  would  be  a  valu- 
able matter  for  members  of  the  Society  who  are  in  that  work,  and  over 
various  parts  of  the  state,  to  take  up  and  give  us  some  suggestions  derived 
from  the  experience  which  they  have  had.  I  think  that  would  make  a 
ver>'  valuable  addition  to  the  literature  of  this  Society,     And  I  think  also 
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that  your  suggestion  in  the  matter  of  deeds  of  property  is  very*  important. 
It  is  curious,  but  only  yesterday  I  was  called  on  to  give  the  lines  of  a 
piece  of  property  in  the  city  in  order  that  a  sale  might  be  made.  I 
found  a  description  something  like  this:  The  south  line  running:  through 
the  center  of  a  brick  block,  and  the  same  line  produced  to  its  eastern 
terminus;  bounded  east  by  the  gentleman  who  formerly  owned  it,  south 
by  another,  north  by  a  three- foot  pass- way  on  the  north  side,  and  west  by 
street. 

Now  it  so  happened  that  the  property  next  to  that  some  years  ago  I 
had  made  a  sur\'ey  and  map  of,  and  the  man  who  was  dealing^  in  this 
property  had  bought  that  property  and  had  the  map.  If  it  hadn't  been 
for  that,  I  never  in  the  world  would  have  been  able  to  determine  that 
line.  I  followed  that  description  back  as  far  as  1871  and  found  no  differ- 
ence at  alL    The  deed  had  been  copied  again  and  again  and  again. 

Now  it  has  come  to  me  in  my  practice  that  quite  frequently  lately  when 
a  lawyer  wants  to  make  a  deed  for  a  man  he  has  asked  me  to  furnish  him 
an  engineering  description  of  the  property,  which  of  course  I  am  always 
very  glad  to  do  for  the  sake  of  the  poor  fellows  that  are  coming  after 
me  and  will  have  to  look  up  that  property  again  sometime,  and  I  think  it 
a  very  valuable  suggestion  in  your  report  that  something  in  that  line 
should  be  accomplished  so  that  the  careless  deeds — and  three-quarters 
of  them  at  least  in  my  experience  are  careless — can  be  rectified.  In  many 
cases  if  a  man  had  to  go  into  court  and  swear  that  he  knew  positively 
as  to  where  the  property  lines  were  I  doubt  whether  he  would  be  willing 
to  take  the  responsibility. 

Mr.  Punderford:  I  think  the  suggestion  you  make  is  a  good  one.  In 
the  case  of  rights  of  way,  a  company  in  looking  up  the  ownership  of 
parcels  of  land  has  often  found  it  difficult  to  obtain  satis factorj-  measure- 
ments. Thursday,  the  nth,  is  the  last  day,  unless  they  extend  it,  for  the 
introduction  of  new  business  in  the  present  General  Assembly.  Unless 
something  is  done  before  then  you  will  have  to  wait  two  years  for  legisla- 
tion. It  seems  to  me  practicable  for  the  Chair  to  appoint  a  committee  of 
three,  say,  who  can  before  Thursday  frame  some  form  of  bill,  not  one 
that  they  will  be  satisfied  with  or  the  passage  of  which  will  be  desired,  but 
that  will  give  them  a  chance  to  have  that  bill  assigned  for  a  hearing,  say  a 
month  or  two  months  later,  when  they  will  have  had  time  to  frame  a  proper 
substitute  bill.  If  you  merely  put  in  a  bill  covering  the  subject  now,  later 
you  can  revise  that  one  before  it  is  called  for  a  hearing,  and  I  think  get 
legislation  this  year.  Otherwise  you  will  have  to  wait  two  years.  And  I 
move  you,  Mr.  Chairman,  that  the  Chair  appoint  a  committee  of  three 
to  prepare  a  bill  and  if  the  Society  thinks  it  practicable  introduce  it 
before  Thursday,  unless  they  extend  the  time,  after  which  time  they  can 
have  a  month  or  two  months  before  they  ask  to  be  called  for  a  hearing  to 
get  the  bill  in  shape. 

The  President:  Mr.  Punderford.  I  think  if  the  Society  is  to  take  this 
subject  up.  they  would  gain  by  letting  it  go  over  two  years.  If  we 
appointed  a  committee  to  report  a  bill  or  report  to  the  Society  at  the 
next  annual  meeting,  and  possibly  have  advance  notices  printed  so  that 


PROCKEDINGS. 


MS 


the  members  of  the  Society  would  have  one  year  to  discuss  it  and  to  make 
up  their  minds  how  they  want  the  hill  drawn,  it  seem^  to  mc  it  would 
carry  itiore  weight  with  the  kgi^^laturc  as  heing  the  action  of  the  Society 
after  two  years  of  careful  consideration.  And  the  time  is  so  short  I  don't 
think  wc  could  arouse  enough  interest  in  the  Society  to  attend  the  hearing 
and  get  people  intercstecl  in  this  thing.  Now  the  assessors  throughout 
the  state  would  he  very  glad  of  any  change.  They  are  not  able  to  find 
the  land  now,  and  when  property  is  transferred,  bounded  by  the  neighbors, 
they  don't  know  the  size  of  the  property,  and  T  understand  that  most  of 
the  assessors  object  to  the  present  survey  of  land — the  present  dcscrip- 
tions*  just  as  much  as  the  engineers  do. 

Mit  PrNhERFORD:  My  impression  was,  Mr.  President,  that  we  have 
here.  I  know,  some  members,  from  my  personal  experience  with  them, 
whose  competency  could  be  relied  upon  to  draw  a  proper  bill,  and  if 
that  bill  fails  in  its  completeness  it  could  be  amended  at  the  next  session. 
I  merely  make  that  as  a  suggestion*  rather  than  putting  the  matter  off 
for  two  years,  I  would  he  glad  to  hear  an  expression  on  that,  l  don't 
believe  in  too  much  haste,  but  there  is  another  policy — of  going  too  far 
in  the  other  direction.  I  make  the  suggestion  in  order  to  get  the  matter 
before  the  meeting,  as  I  think  it  is  one  of  importance. 

Mr,  Browk:  Mr.  President,  in  Massachusetts  we  have  the  same  diffi- 
cult)^— and  wnll  it  not  always  he  so,  due  to  the  fact  that  a  person  in 
transferring  property  docs  not  care  to  go  to  the  expense  of  having  a 
survey?  He  can  have  a  good  survey  made;  the  lawyers  know  that  the 
descriptions  should  be  mndc  before  a  deed  is  passed,  and  they  will  some- 
time recommend  it  to  their  clients,  hut  the  client  frequently  hardly  feels 
like  undertaking  the  expense. 

M«,  Ferry:  If  we  could  legislate  to  make  people  wise  it  would  be  very 
nice,  but  we  can't  do  that  any  more  than  we  can  legislate  to  make  them 
good.  There  is  reason  enough  for  this  action.  1  ran  across  a  deed 
yesterday  that  has  Mr,  Bunce's  deed  beaten  to  a  frazzle,  as  President 
Roosevelt  would  say.  It  read  something  like  this:  Commencing  at  the 
southeast  comer  of  the  land  hereby  conveyed,  said  point  being  400  feet 
hack  from  the  shore  of  Long  Island  Sound,  thence  south  47 Vj  degrees  east* 
too  feet  southwesterly  along  land  of  the  Laurel  Beach  association.  That 
is  to  say,  it  started  at  the  southwesterly  comer  and  then  ran  southeast, 
south  w^  est. 

Another  case  T  ran  across  aw^hilc  ago  was  a  tract  of  land  that  had 
been  transferred.  !  think,  five  or  six  times  in  two  or  three  years.  It 
happened  to  be  on  a  corner  formed  by  the  intersection  of  two  streets,  and 
\n  those  half  dozen  times  three  times  they  located  the  lot  on  three  of 
the  four  comers  of  the  street.  That  illustrates  what  lawyers  can  do 
when  they  sit  up  nights,  and  devise  ways  for  describing  property. 

The  PKEsntENT:  The  motion  is  that  a  committee  of  three  be  appointed 
by  the  Chair  to  prepare  a  bill  to  be  introduced  into  the  present  session 
of  the  legislature? 

Mft  PuNDEkFOkD:  That  was  merely  for  discussion,  simply  to  put  the 
matter  before  the  house.  I  know  it  is  a  short  time,  hut  1  am  conlidcnt 
there   are   members   here   who    from    their   experience   can    frame   a   bill 
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which  would  certainly  be  some  advance  upon  the  present  methods.  It  can 
be  introduced  before  the  expiration  of  the  time  of  introduction  of  new 
business,  which  is  the  nth,  unless  they  extend  it.  That  bill  then  can  be 
worked  upon  for  a  month  or  two  months,  submitted  to  other  members  of 
the  Society  if  they  see  fit,  and  then  called  for  a  hearing.  I  don't  know 
that  that  is  the  best  course;  I  merely  put  it  before  the  Society  for  dis- 
cussion. If  you  think  that  too  quick  action,  well  and  good.  I  thought 
if  we  could  save  two  years  it  was  a  good  thing  to  do. 

Mr.  Burt:  I  rise  to  remark  that  this  subject  relates  to  questions  which 
the  man  in  city  engineering  practice  is  often  called  upon  to  answer  with 
certainty;  also  is  a  subject  which  this  Society  could  well  take  up.  There  is 
much  to  be  said  in  reference  to  the  faulty  descriptions  which  make  up  the 
substance  of  many  conveyances.  As  an  illustration  of  the  way  some  of 
these  are  brought  about, — a  client  comes  to  a  lawyer  to  make  out  convey- 
ance of  property.  It  is  not  infrequent  that  one  or  both  are  ignorant 
of  distances  and  sometimes  of  directions.  The  money  part  of  the  trans- 
action is  about  concluded,  the  lawyer's  fee  of  one  to  three  dollars  agreed 
to,  so  the  latter  draws  up  the  paper, — after  obtaining  the  general  informa- 
tion close  at  hand,  and  the  same  is  then  a  legal  document  ready  for  the 
public  files. 

This  outlined,  the  process  is  simple  and  expeditious,  and  if  the  grantee 
is  satisfied  with  more  or  less  land  and  with  a  general  indefiniteness  of 
boundaries,  the  aforesaid  practice  would  be  sufficient  as  concerning  the 
grantee.  However,  the  time  soon  comes  in  our  cities  when  by  reason 
of  a  prospective  sale  or  increase  in  values  a  city  surveyor's  services  are 
sought  to  define  exact  boundaries.  It  is  here  that  the  above-mentioned 
descriptions  are  a  guide  of  little  value.  Alike  may  be  the  descriptions  of 
abutting  lands.  Each  must  be  examined  and  given  its  due  weight  in 
coming  to  a  decision.  Luckily  for  the  practitioner  if  some  natural 
objects  of  long  standing  appear  which  aid  his  judgment  to  obtain  just 
results. 

The  remedy  for  all  this  indefiniteness  and  consequent  difficulty  of 
setting  off  city  lands  in  the  afore-mentioned  cases  is  obvious,  as  each 
member  of  this  Society  well  knows:  viz..  there  should  be  an  agreement 
by  all  parties  interested  upon  certain  boundaries,  such  in  view  of  all 
evidence  obtainable.  It  is  often  best  in  such  cases  to  draw  up  an  agree- 
ment to  be  signed  by  each  person  interested  or  owning  abutting  property, 
such  agreement  to  be  recorded  with  the  town  clerk  and  to  appear  on  the 
local  town  records. 

In  some  cases  quit  claim  deeds  each  side  of  an  agreed  boundary  line 
are  exchanged  and  such  made  public  record.  After  exact  boundaries  are 
agreed  upon,  a  surv^ey  with  transit  and  steel  tape  should  be  made,  survey 
plotted,  when  any  discrepanc>'  w^ill  appear,  and  thereafter  a  new  and  proper 
description  of  the  tract  based  on  exact  angles  and  distances  be  written, 
permanent  landmarks,  as  mere  stones,  being  set  if  practicable  at  the 
principal  points. 
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Ever>^  purchaser  of  property  should  insist  upon  and  mnke  the  foregoing 
action  a  necessary  condition  before  his  acceptance.  He  would  thus  be 
the  gainer  even  if  he  shared  the  expense.  Properly  thus  defined  would 
make  easier  that  of  abutting  lands,  al!  together  resulting  in  a  public  benefit. 

Mm.  PuNDEiRFOkD:  1  don*t  care  to  have  you  think  I  am  trying  to  push 
this  matter  of  importance  through  too  rapidly,  but  this  bill  which  they 
will  probably  present  a  month  or  two  before  it  is  called  for  hearing  docs 
not  necessarily  have  to  be  the  bill  that  is  passed,  if  any  bill  is  passed. 
Any  member  of  the  Society,  when  that  is  called  for  hearing,  can  appear 
before  the  committee  and  make  suggestions  as  to  its  amendment  or  to  the 
absolute  killing  of  it,  so  everybody  here  and  all  members  of  the  Society 
will  have  a  shot  at  it  before  it  is  passed  upon,  if  they  so  desire.  No 
matter  what  your  committee  may  submit  they  can  go  before  the  legislative 
committee  at  the  public  hearing  and  make  any  suggestions  they  see  fit, 
and  if  they  are  desirous  of  having  it  re\Tsed  the  committee  will  undoubt- 
edly be  verj^  glad  to  consider  the  suggestions.  It  simply  gives  a  chance 
to  pass  it  without  waiting  t%vo  years. 

Mr.  Bunce:  I  am  rather  disposed,  Mr.  President,  to  favor  your  sug- 
gestion in  this  matter.  J  think  it  is  a  matter  that  ought  to  have  con- 
siderable thought  and  care  put  upon  it  before  it  is  even  proposed.  1 
think  you  will  find  ver)"  likely  that  there  may  be  strenuous  objections 
to  the  matter.  In  fact,  I  think  pushing  this  thing  through  in  this  way  is 
a  little  bit  on  the  st>'le  of  our  friend  at  the  head  of  the  United  States 
government.  He  is  lr>ing  to  reform  the  world  m  a  minute.  The  reforms 
are  first-rate,  a  great  many  of  them,  but  he  is  not  taking  time  enough  to 
do  it  and  the  result  is  he  is  meeting  opposition  which  he  would  not  if 
he  went  a  little  slower;  and  I  think  we  ought  to  go  a  little  slower  in 
this  matter.  It  would  be  better  for  us  to  have  this  matter  thoroughly 
considered  in  the  Society,  because  the  members  of  the  Society  arc  widely 
scattered  over  the  state,  and  they  certainly  would  not  he  largely  repre- 
sented. I  am  sure,  at  a  hearing  before  the  legislature  to  make  sugf^estions 
or  to  listen  to  discussions  or  an>'lhing  of  the  kind.  But  if  the  matter 
w*as  brought  before  the  Society  at  some  of  its  meetings  and  an  oppor- 
tunity given  to  discuss  it,  it  seems  to  me  we  should  take  a  more  intel- 
ligent action  that  would  not  meet  with  opposition  from  any  source. 

Motion  amended,  that  a  committee  he  appointed  to  consider  the  subject 
and  report  to  the  Society,  instead  of  considering  the  subject  ;md  intro- 
ducing a  bill  in  the  legislature. 

Mr.  Foku:  It  seems  to  me  it  is  a  question  of  education  rather  than 
legislation,  and  the  Society  don't  want  to  put  itself  in  a  position  of 
appearing  before  the  legislature  and  presenting  a  hastily  framed  bill.  I 
think  it  better  to  let  the  committee  consider  it  and  refer  it  back  to  the 
Society  and  let  them  discuss  it  before  it  goes  to  the  legislature, 

Mr.  Hill:  Mr.  President,  this  matter  is  an  exceedingly  important 
matter;  it  is  also  an  exceedingly'  difficult  matter.  All  engineers  who 
have  occasion  to  look  up  deeds  know  the  difficulties  of  the  present 
methods  of  transferring  property.  That  need  not  be  touched  upon.  Btit 
exactly  what  should  be  done  is  a  very  difficult  matter  to  decide.    Take, 
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for  instance,  farm  land.  A  man  wants  to  convey  a  piece  of  land,  and  it 
is  the  exception  rather  than  the  rule  that  you  will  find  metes  and  bounds. 
They  are  simply  bounded  on  so  and  so.  It  has  been  handed  do"wn  from 
father  to  son  in  that  way  for  a  long  time.  It  would  be  very  difficult 
indeed  to  get  through  a  legislature  of  farmers  anything  that  will  neces- 
sitate a  survey  of  the  property.  Then  again,  in  land  that  has  been  trans- 
ferred in  that  way,  and  if  a  survey  is  required,  the  question  is  usually 
to  find  the  line  before  the  transfer  can  be  made.  If  it  is  required  that 
you  should  have  a  definite  suney,  the  distances,  etc.,  it  may  take  months 
in  order  to  find  those  bounds  where  they  are  so  indefinite  and  irregular. 
It  is  a  ver>'  difficult  matter,  and  it  seems  to  me  it  would  be  wise  to  take 
time  to  consider  it  pretty  thoroughly. 

Mr.  Turner:  I  think  there  is  a  system  of  recording  property  known  as 
the  Torrens  System.  I  am  under  the  impression  that  it  has  recently  been 
adopted  in  New  York  state.  I  am  not  sure.  That  provides,  as  I  under- 
stand it,  for  a  method  by  which  surveys  and  records  can  be  made  in  a 
special  way  which  obviates  most  of  these  difficulties.  It  is  not  attempted 
to  make  it  compulsor>'  at  all.  but  it  is  open  to  the  purchaser  to  require 
it  if  he  wishes  to.  It  seems  to  me  such  a  law  as  that  covers  the  situa- 
tion pretty  well,  because  where  the  value  of  the  property  is  high,  as  in  the 
cities,  it  is  a  small  matter  to  have  it  carefully  surveyed  and  properly 
described;  and  with  the  farm  lands  it  is  not  necessary  perhaps  at  present 
and  it  can  be  done  whenever  the  value  becomes  such  as  to  make  it 
advisable.  I  think  if  our  committee  should  examine  the  Torrens  system 
and  report  favorably  on  the  adoption  by  our  state  of  some  such  law 
as  that  it  might  cover  the  situation. 

Mr.  Brown:  This  system  just  mentioned.  I  think,  is  in  vogue  in  Massa- 
chusetts, but  I  might  say  that  the  majority  of  lawyers  do  not  favor  it; 
it  is  not  used  to  any  great  extent.  I  think  they  admit  that  it  is  a  good 
thing.  The  engineers  admit  that  it  is  a  good  thing,  but  it  would  even- 
tually, if  cver>'body  availed  themselves  of  it,  probably  result  in  a  loss 
to  engineering  as  a  whole. 

Mr.  Bunce:    Don't  be  afraid,  it  will  take  years  to  catch  up. 

Mr.  Brown:  My  desire  is  to  sec  the  thing  pushed  along,  and  for  that 
reason  I  seconded  the  motion.  It  certainly  seems  too  bad  to  waste  two 
years.  Not  that  I  feel  like  hurr\ing  the  matter  or  putting  through  legis- 
lation that  would  be  hastily  drawn  and  not  meet  the  needs.  It  does  seem, 
though,  the  way  the  matter  is  presented,  that  there  would  be  time  to 
frame  a   suitable  bill. 

Mr.  Burt:  It  seems  to  me  that  it  is  a  most  important  subject  and  that 
it  ought  to  have  a  good  deal  of  deliberation  and  care  in  preparation,  in 
order  to  be  sure  of  the  best  results.  I  should  not  be  in  favor  of  hasty 
action  in  the  matter,  but  I  do  think  that  it  ought  to  be  initiated  cind 
shoved  along  to  some  final  result. 

After  some  further  discussion  it  was  voted  that  a  committee  of  three 
be  appointed  by  the  Chair  to  report  at  a  future  meeting  of  the  Society  on 
the  question  of  land  surveys  and  deeds. 

The  President:  Such  interest  has  been  manifested  in  this  subject, 
that  I  hope  as  we  are  gathered  here  to-day,  we  may  have  expressions  of 
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Opinion  on  it ;  the  remarks  couUI  be  general  in  character  and  would  serve 
as  a  guide  to  the  committee  in  ihetr  future  deliherations.  I  would  j^uggest, 
merely  to  bring  the  point  before  the  Society,  the  law  he  amended  !>o  that 
in  small  towns  the  town  clerk  would  be  compelled  to  refuse  to  record  a 
deed  unless  there  was  a  definite  description  of  the  property  that  was  being 
conveyed.  In  other  words,  there  must  be  some  description  that  identifies 
that  property  from  surrounding  property.  It  might  be  that  in  cities, 
before  deeds  are  recorded  they  shall  have  the  O.  K.  from  the  city  engineer 
that  the  measurements  are  correct.  1  am  not  certain,  but  I  believe  that  the 
city  ot  Philadelphia  has  some  system  of  public  surveys  which  works  very 
welL  The  city  is  divided  up  into  districts  and  there  are  certain  maps 
of  the  district  which  are  very  accurate.  I  am  sorry  I  haven't  looked  the 
question  up  so  as  to  give  better  information  about  it,  but  they  have  made 
a  long  step  forward  in  the  matter  of  surveys.  Has  anyone  a  suggestion  to 
make  that  would  give  this  committee  something  to  work  upon? 

Mil.  CMANnLER:  It  would  be  unfair  perhaps  to  the  committee  to  be 
appointed  to  suggest  any  difficulties^  and  unnecessar\^  They  will  find 
plenty  of  them.  The  right  of  each  of  us  to  convey  his  land  to  someone 
else  without  going  through  certain,  perhaps  burdensome,  operations  is  one 
that  will  not  be  given  up  very  easily*  and  it  will  be  ver>'  difficult  to 
deprive  us  of  that  right.  As  I  understand  it,  the  Torrens  land  system  is 
one  in  which  after  a  description  is  made  there  is  published  a  notice  for 
a  certain  length  of  time,  so  that  if  anyone  has  any  desire  to  claim  that 
the  bounds  as  given  are  not  correct  they  can  remonstrate  against  the 
description,  and  it  docsn*t  become  effective  until  such  notice  has  been 
given  and  either  no  remonstrance  has  been  made  or  the  remonstrance  has 
been  in  some  way  overruled.  The  grc*itcr  part  of  all  the  difficulties  we 
labor  under  is  in  relation  to  things  that  have  been  done  already.  What 
we  do  now  will  not  alter  what  has  been  done  and  it  will  be  a  long  time 
before  what  is  done  cuts  much  figure  in  the  whole  of  the  conveyances 
that  the  sun*eyor  has  to  contend  with.  But  J  am  perfectly  willing  that 
some  committee  should  devise  some  way  of  getting  over  all  these  things. 
If  the  surveyor  has  difficult)-  now  in  finding  the  line  and  don't  know 
where  it  is.  how  is  he  going  to  describe  it  so  that  somebody  else  will 
know  where  it  is? 

The  tellers  presented  the  following  report  of  the  canvass  of  the  letter 
ballot  for  officers  for  1909: 

Whole  number        KecesMiry 

cast.  for  choice.  Received. 

For  Prtrsidcftt 123  62 

•Frederick  J.  Easterbrook    .,.......,  iZ2 

Edward  Gagel i 

For  First  llcr  President  , ,      t  16  59 

♦Shepard  B.  Palmer  ..,,., 6a 

A.  William  Sperry   , 53 

Sheldon  E.  Minor , 1 

♦  Elected, 
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Whole  number        Necessary 

cast.  for  choice.  Received. 

For  Second  Vice  President  121  61 

♦Charles  A.  Ferry 70 

Sheldon  E.  Minor 51 

For  Secretary  and  Treasurer 117  59 

*J.  Frederick  Jackson   117 

For   Directors    230 

♦Henry  J.  Kellogg 85 

♦Edward  W.  Bush   78 

Charles  F.  Chase  66 

D.  S.  Brinsmade  i 

The  President  declared  the  men  chosen  elected  for  the  ensuing  year 
and  called  upon  Mr.  Easterbrook,  who  responded  as  follow^s: 

Mr-  Easterbrook:  Mr.  President  and  Gentlemen  of  the  Society,  I 
thank  you  very  much  for  the  honor  of  electing  me  president.  In  recalling 
the  names  of  the  past  presidents  of  the  Societ>',  I  find  that  various 
branches  of  engineering  have  been  represented,  but  by  your  choice  this 
year  will  be  the  first  year  that  an  engineer  from  a  railroad  branch  has 
been  elected.  I  hope  you  will  have  no  cause  for  regfret,  and  I  certainly 
ask  your  most  hearty  cooperation  and  support  in  endeavoring  to  attend  to 
the  affairs  of  the  Society  as  successfully  the  coming  year  as  they  have 
been  in  the  past. 

Mr.  Farxham  :  There  is  a  matter  I  would  like  to  bring  up  at  this  time 
for  consideration,  in  reference  to  the  bill  recently  introduced  before 
Congress  regarding  the  building  of  a  large  testing  machine  capable  of 
testing  full-size  compression  members.  This  matter  will  be  voted  on 
before  very  long  and  it  seemed  to  some  of  us  that  it  would  be  a  very 
good  plan  to  have  this  Society  express  to  our  representatives  in  Wash- 
ington our  opinion  regarding  this  matter.  1  am  presenting  this  at  the 
suggestion  of  Professor  Tracy  of  the  Scientific  School,  who  has  drawn 
up  a  brief  resolution  which  with  your  permission  I  will  read: 

"Moved :  That  a  committee  of  three  be  appointed  to  draw  up  a  resolu- 
tion requesting  the  Connecticut  Senators  and  Representatives  in  Con- 
gress to  urge  the  passage  of  the  bill  now  pending  for  the  construction 
of  a  machine  capable  of  testing  full-size  compression  members;  such 
resolution  to  be  offered  to  the  Connecticut  Society  of  Civil  Engineers 
for  consideration  at  the  meeting  on  Wednesday,  February  10."  Signed 
by  J.  C.  Tracy. 

Resolution  adopted. 

Mr.  Buxce:  Tf  the  Society  will  give  me  fair  credit  for  my  innate 
modesty,  I  would  like  to  suggest,  as  a  little  recognition  of  the  fact  that 
this  is  the  twenty-fifth  anniversary  of  this  Society,  that  in  the  next 
publication  of  the  minutes  a  list  of  the  original  members  of  the  Society 

♦  Elected. 
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should  be  printed.  1  do  this,  not  because  my  name  will  appear  among 
them,  but  it  has  been  suggested  by  another  original  member  that  some- 
thing of  this  kind  might  be  of  interest  to  the  members  of  this  Societ>\ 
As  I  recall  it.  I  think  we  have  had  rather  a  remarkable  historj'  in  one 
respect  I  believe  that  only  two  of  the  original  members  of  this  Society 
have  passed  away:  Mr.  Hull  who  was  really  the  originator  and  its  first 
president;  and  Mr.  Floyd  Weld,  formerly  city  engineer  of  Waterbury* 
I  think  outside  of  those  two  the  original  members  of  the  Society  are  still 
living  and  enjoying  good  health, 

Mr.  Kfxlogt,  :  I  second  the  motion.  I  am  another  of  the  charter 
members,  and  I  have  just  as  much  modesty  as  Mr.  Bunce  has. 

Motion  carried. 

Mr,  Kellogg:  Mn  Jackson*s  suggestion  has  not  met  with  any  response 
in  the  matter  of  the  pin,  and  T  can  say  this:  that  while  T  was  president 
the  matter  was  brought  up  and  a  committee  appointed  and  there  was  a 
little  sketch  made  by  one  of  the  members.  I  would  move  that,  in  response 
to  the  requests  of  those  membcrs»  a  committee  be  appointed  by  the 
President  (let  him  suit  his  own  taste  as  to  number,  one  man  or  more) 
just  to  look  into  this  matter  and  bring  it  up  at  another  meeting.  We  might 
as  well  keep  the  thing  stirred  up  and  sometime  we  may  have  a  pin. 

Motion  carried. 

Upon  inquiry  as  to  whether  there  was  a  complete  file  of  the  reports 
of  the  Society  the  Secretary'  stated  that  there  was  but  one  that  he  knew 
of,  the  one  in  the  possession  of  the  Society. 

Mr  Morris  being  unable  to  be  present,  Mr.  Payne  read  the  paper  on 
"The  Interesting  Reinforced  Concrete  Work  in  the  State  Arsenal  and 
Annor>'." 

Mr  Payne's  paper  is  printed  on  pages   103-110. 

Mr.  Kellogg:  T  move  a  vote  of  thanks  to  Mr:  Payne  for  the  very 
interesting  article  he  has  given  us  in  the  description  of  the  armor>'  here  in 
Hartford, 

Motion  seconded  and  carried. 

The  President:  Mr.  McGarvie  Cline  was  to  deliver  this  talk  but  there 
is  very  important  legislation  being  considered  at  Washington  at  this 
time  in  regard  to  the  Forestr>'  Service  and  he  was  unavoidably  detained; 
however,  we  will  have  the  pleasure  of  listening  to  Mr.  Betts,  who  is  per- 
fectly familiar  with  this  work  and  a  member  of  the  Forestry'  Service,  and 
also  associated  with  Mr.  Clme  in  his  work  in  W^ashington. 

I  have  the  pleasure  of  introducing  Mr.  Betts. 

Mr.  Belts*  paper  is  printed  on  pages  26-40, 

Mr.  Ford:  I  feel  confident  that  ever>^  person  in  this  room  this  after- 
noon has  been  personally  interested  in  Mr  Betts'  presentation  of  this  live 
and  interesting  subject,  and  as  a  slight  expression  of  our  appreciation  I 
move  that  a  vote  of  thanks  be  extended  to  Mr.  Betts  personally,  and  also 
to  the  Forestry  Bureau  of  the  United  States  Goveniment  for  sending 
him  here  to-day  to  address  us* 

Motion  carried. 

Adjourned  to  to-morrow  morning,  at  nine  o'clock. 
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The  President  announced  the  following  committees: 

Committee  on  Pin — Mr.  Norman  Spencer,  Hartford,  chairman.  Ointon 
L.  Cole,  Hartford,  and  Mr.  William  Blair,  of  New  Haven. 

Committee  for  Consideration  of  the  Better  Property  Description  of 
I. and  in  Deeds — Mr.  Charles  H.  Ferr>'.  New  Haven,  chairman.  Mr.  A.  L. 
Washburn,  Hartford,  and  Mr.  A.  J.  Patton,  of  Waterbur>'. 

On  framing  a  resolution  to  present  to  our  representatives  in  Congress 
asking  for  appropriation  for  big  testing  machine — Professor  Tracy,  New 
Haven,  chairman,  Mr.  Chas.  S.  Famham,  New  Haven,  and  Mr.  Charles  F. 
Chase,  New  Britain. 

Mr.  Henr>*  J.  Kellogg,  of  New  Haven,  read  his  paper  on  the  "Rein- 
forced Concrete  Sewer  at  New  Haven.'' 

Mr.  Kellogg's  paper  is  printed  on  pages  55-68. 

Mr.  Kellogg:  I  want  to  state  before  I  read  this  paper  that  it  will 
not  include  a  great  many  points  of  interest,  and  a  description  needs  the 
illustrations  that  will  appear  in  the  book. 

Mr.  Roscoe  N.  Clark,  Assistant  City  Engineer  of  Hartford,  then  read 
his  paper,  "Tunnel  and  Concrete  Sewers  at  Hartford." 

Mr.  Clark's  paper  is  printed  on  pages  77-91. 

Mr.  Bush  then  read  his  paper  on  ** Engineer  in  Court." 

Mr.  Bush's  paper  is  printed  on  pages  1-12. 

The  Pre.^^ide.vt  :  I  would  like  to  say  before  I  start  that  I  have 
endeavored  to  get  some  member  of  the  Society  to  write  on  this  subject. 
It  is  a  question  I  got  interested  in  and  have  been  studying  up  some  myself, 
and  I  thought  there  was  need  of  a  paper  on  it.  Those  that  I  thought  best 
qualined  to  write  the  paper  I  couldn't  get,  and  having  the  matter  some- 
what arranged  in  my  mind  I  decided  to  do  it  myself,  though  I  feel  that  I 
am  not  as  well  qualified  by  experience  as  some  other  members  of  the 
Society. 

The  Pkfsident:  Any  further  discussion?  If  not,  I  will  call  on  Mr. 
Herbert  C.  Keith  of  New  York  City  to  present  his  paper  on  "Some 
Observations  on  the  Life  of   Steel   Bridges." 

Mr.  Keith:  Mr.  President  and  Members  of  the  Connecticut  Society 
of  Civil  Engineer. — I  would  remind  you.  Mr.  President,  that  when  30U 
a^-ked  me  for  the  title  of  my  paper  you  started  to  write  in  the  word  **steer' 
and  I  requested  you  to  cut  that  out  because  I  wanted  a  broader  field  for 
talk.  As  it  got  into  our  programme.  I  am  going  to  ask  for  permission  to 
modify  the  title  still  further:  ''Stray  Thoughts  on  Bridge  Design  and 
Maintenance."  I  think  at  the  time  1  told  our  president  the  subject  1 
had  not  prepared  the  paper,  and  in  preparing  it  I  have  learned  that  this 
title  will  cover  a  little  better  what  I  wanted  to  cover  in  the  paper. 

Mr.  Keith's  paper  i'^  printed  on  pages  1 15-135. 

Mr.  Foley  being  absent  Mr.  Easterbrook  read  his  paper  on  "Rein- 
forced Concrete  Round  House";    the  paper  is  printed  on  pages  93-102. 

Mr.  Kellogg:  Before  discussi«»n  on  this  paper  I  would  like,  as  Mr. 
Foley  is  not  a  member  of  this  Society  and  has  very  kindly  contributed  this 
paper,  to  move  a  vote  of  thanks  to  him  for  his  kindness. 
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Mr.  Jackson  then  read  his  paper  on    "Cost  of  Sewer  Work." 

Paper  printed  on  pages  41-54 

Mr.  Jackson  :  I  would  say  here  that  most  of  the  work  is  tabular  and 
would  be  very  dry  reading.  I  will  simply  give  an  outline  of  it  and  it 
will  appear  in  the  publication  for  those  who  wish  to  consult  it. 

Mr.  Taylor's  paper,  "An  Efficient  Indexing  System,"  was  then  read  by 
title;   paper  printed  on  pages  70-76. 

A  vote  of  thanks  was  extended  to  Mr.  Taylor. 

A  vote  of  thanks  was  extended  to  the  Hartford  members  and  the 
committee  on  arrangement  for  their  hospitality  in  entertaining  the 
visiting  members  throughout  the  session. 

Meeting  adjourned. 
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ARTICLE  I. 


NAME    AND    OBJFXrX. 

Section  i.— The  name  of  this  Society  shall  be  the  Connecticvt  Soci- 
ety OF  CmL  Engineers. 

OBJECT. 

Sec.  2. — The  object  of  this  Society  shall  be  the  professional  improve- 
ment of  its  members;  the  encouragement  of  social  intercourse  among 
men  of  practical  science,  and  the  advancement  of  engineering  in  ii5 
several  branches,  to  wit:  Civil,  hydraulic,  naval,  sanitar>*,  mechanical, 
electrical,  architectural,  mining,  geological,  metallurgical,  and  chemical: 
the  reading  and  discussion  of  papers,  or  to  hear  lectures  on  any  of  xht 
above  topics  relating  to  engineering  science,  and  the  transaction  of  all 
business  properly  belonging  to  said  Society. 

ARTICLE  IL 
membership. 
Section  i. — The  membership  of  this  Society  shall  consist  of  Member^, 
Honorary   Members  and  Associate   Members. 

MEMBERS. 

Sec.  2. — Members  must  be  at  least  twent}*-one  years  of  age  and  have 
had  two  years'  actual  experience  in  some  branch  of  engineering  or  sur- 
veying, or  shall  have  been  graduated  from  an  engineering  course  in  a 
college  or  university  of  recognized  standing,  and  they  only  shall  be 
entitled  to  vote  or  transact  business  for  the  Society. 

HONORARY    MEMBERS. 

Sec.  X. — Honorar>-  Members  may  be  as  many  as  the  Society  shall  elect. 
They  shall  have  no  vote,  nor  shall  they  be  eligible  to  hold  office.  They 
shall  hrive  the  right  to  attend  all  public  meetings  and  to  enjoy  such  other 
■■•rivilegcs  ;.>  :he  Socier>-  may  see  fit  to  grant,  excepting,  however,  such 
Honorar>-  Meii:ibers  as  may  be  elected  from  actiz-e  membership,  when 
they  shall  retain  their  right  to  vote  and  to  hold  office. 

ASSOCIATE    MEMI;ER5. 

Sec  4- — Any  person  de?iring  to  Wcome  associated  with  this  Society. 
who  is  not  eligible  to  active  membership,  may  make  application,  and  if 
said  application  rccci\es  a  favorable  report  from  the  Board  of  Direc- 
tion, it  sha":  be  acted  upon  by  the  Society  at  the  next  regular  meeting. 
r.rj'J  if  sr::d  candidate  shall  receive  a  majority  of  the  votes  cast  he  shall 
be  declared  elected  as  an  Associate  Member.  Associate  Members  shall 
have  no  xoit.  nor  shall  thev  be  clicible  for  anv  office. 
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ARTICLE  III. 

OFFICERS  AND  THEIR  DUTIES. 
OFFICERS. 

Section  i.— The  officers  of  this  Society  shall  be,  a  President,  two  Vice 
Presidents,  a  Secretarj^  and  Treasurer,  an  Assistant  Secretary,  and  four 
Directors. 

ELECTION    OF    OFFICERS. 

Sec.  2, — The  officers,  excepting  the  Assistant  Secretary,  shall  bo 
elected  at  the  annual  meeting,  and  shall  hold  their  respective  offices  until 
the  final  adjournment  of  the  meeting  in  which  others  are  elected  and 
qtialified  in  their  places, 

FRESIUENT. 

Sec.   3. — ^The  President  shall  preside  at   all  meetings  when  present. . 
He  shall  be  chairman  of  the  Board  of   Direction,  and  of  all  standing 
committees,  and  shall  appoint  all  special  committees,  unless  otherwiiie 
ordered  by  a  vote  of  the  Society. 

VICE    PRESIDENTS. 

Sec,  4. — In  the  absence  or  inability  of  the  President  to  act,  the  Senior 
Vice  President  present  shall  perform  his  duties. 

SECRETARY. 

Sec,  5. — The  Secretary  shall  attend  all  meetings  of  the  Society,  and  the 
Board  of  Direction*  and  shall  keep  the  minutes  thereof.  He  shall  con- 
duct the  general  correspondence  of  the  Society*  receive  communications 
addressed  thereto,  and  present  the  same  to  the  proper  committees, 
officers,  or  meetings.  He  shall  issue  notices  of  all  meetings,  inform 
committees  of  their  appointment,  and  officers  and  new  members  of 
their  election.  He  shall  notify  all  committees  of  coming  meetings  and 
prepare  the  matters  for  presentation.  He  shall  keep  a  complete  list  of 
all  members,  with  their  addresses  and  dates  of  election.  He  shall  pub- 
lish the  annual  report  He  shall  perform  such  other  ditties  pertaining 
to  his  office  as  may  be  imposed  upon  him  by  the  Society  or  by  the 
Board  of  Direction,  and  shall  receive  a  salary  to  he.  fixed  by  the 
Society. 

TREASURER. 

Sec.  6. — The  Treasurer  shall  keep  the  accounts*  collect  all  the  funds 
of  the  Society  and  shall  deposit  the  same  to  the  credit  of  the  Society  in 
such  depository  as  may  be  designated  by  the  Bnard  of  Direction.  He 
shall  pay  all  bills,  when  approved  by  the  President  or  a  majority  of  the 
Board  of  Direction.  He  shall  keep  book  accounts  of  his  receipts  and 
expenditures,  which  shall  at  all  times  be  open  to  the  inspection  of  the 
Board.  He  shall  make  a  duly  audited  itemized  report  to  the  annual 
meeting.     He    shall   give   bonds    for   the    faithful    performance   of    his 
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duties,  in  such  amounts  and  with  such  sureties  as  the  Board  of  Direc- 
tion may  require,  and  he  shall  receive  such  remuneration  as  the  Society 
may  virte  to  him  from  time  to  time.  The  Board  of  Direction  shaD 
audit  the  Treasurer's  accounts  and  books  annually. 

ASSISTANT   SECRETARY. 

Sec.  7. — ^The  Assistant  Secretary  shall  be  appointed  annually  by  the 
President,  and  his  duties  shall  be  such  as  would  pertain  to  the  office 
of  executive  secretary. 

BOARD   OF    DIRECTION. 

Sec.  8. — ^This  Board  shall  consist  of  the  President,  the  two  Vice  Presi- 
dents, and  the  four  Directors.  It  shall  have  supervision  and  care  of  all 
the  affairs  and  property  of  the  Society,  and  shall  conduct  the  same  in 
accordance  with  the  Constitution  and  By-Laws.  The  President  or  one 
of  the  Vice  Presidents  shall  preside  .at  all  meetings  of  the  Board,  in 
the  order  of  seniority.  In  the  absence  of  all  these  officers,  a  chairman 
pro  tern,  may  be  appointed  for  the  meeting.  The  first  year  after  this 
section  is  adopted,  four  members  shall  be  chosen  at  the  annual  meeting, 
two  shall  be  chosen  for  a  term  of  one  year  and  two  to  serve  two  years. 
At  all  subsequent  annual  meetings  two  members  shall  be  chosen  to 
serve  two  years.  Four  members  shall  constitute  a  quorum  to  trans- 
act business. 

ARTICLE  IV. 

ELECTIONS. 
OFFICERS,   WHEN    ELECTED. 

Section  i. — At  each  annual  meeting  the  Society  shall  elect  by  ballot,  a 
President,  two  Vice  Presidents,  and  a  Secretary  and  Treasurer,  to  serve 
one  year;    also  two  Directors  to  serve  two  years. 

nominations,  how  made. 

Sec.  2. — A  nominating  blank,  containing  a  list  of  officers  to  be  voted 
for,  shall  be  sent  by  the  Secretary  to  each  member,  at  least  sixty  (60) 
days  before  the  day  of  the  annual  meeting.  The  .  nominations  for 
officers  shall  be  returned  to  the  Secretary  in  an  envelope  endorsed  with 
the  member's  signature,  within  twenty-one  (21)  days  from  the  date 
upon  which  the  blanks  were  mailed  to  members,  and  shall  be  delivered 
by  him,  unopened,  to  the  Board  of  Direction  at  a  meeting  to  be  held 
by  them  to  canvass  such  nominations. 

A  member  nominated  for  an  office  by  as  many  as  ten  (10)  other  mem- 
bers may  become  a  candidate  for  that  office.  If  a  member  be  nominated 
for  more  than  one  office,  he  shall  be  considered  as  having  been  nom- 
inated for  that  office  for  which  he  received  the  most  nominating  ballots. 

If  no  member  receives  ten  (10)  nominating  ballots  for  an  office,  or  if 
for  any  reason  there  should  be  no  candidate  for  an  office,  the  Board  of 
Direction  shall  nominate  at  least  two  candidates  for  that  office. 
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All  nominees  for  office  shall  be  notified  at  once  by  ihe  Secretary  nt 
their  nomination  and,  unless  the  Secretary  receives  a  prompt  dcclitiatioru 
it  shall  be  assumed  that  they  have  accepted  such  nomination. 

ELECTIONS,   HOW  COKDUCTED. 

Sec  3. — At  least  twenty-one  {21)  days  before  the  annual  meeting  the 
Secretary  shall  send  each  member  a  ballot^  containing  the  names 
(arranged  alphabetically)  of  the  candidates  for  each  office.  This  shall  be 
accompanied  by  an  envelope  addressed  to  the  Secretary,  with  a  blank 
space  on  the  back  for  the  signature  of  the  member  voting,  also  a  blank 
envelope  carrying  no  mark  for  recognition. 

Each  member  shall  signify  his  choice  of  candidates  on  the  ballot  and 
return  it  to  the  Secretary  in  two  sealed  envelopes ;  the  inner  one  to  be 
left  entirely  blank,  and  the  otitcr  one  endorsed  with  signature  of  sender. 

Ballots  may  be  sent  by  mail  to  the  Secretary  or  handed  to  him  directly. 
The  Secretary  shall  deliver  the  ballots,  unopened,  to  the  tellers  appointed 
by  the  presiding  officer 

The  polls  will  close  at  eleven  o'clock  in  the  morning  of  the  day  of 
the  regtilar  annual  business  meeting  of  the  Society, 

MEMBERS    IX   ARREARS    CANNOT   VOTE. 

Sec.  4.— It  shall  be  the  duty  of  the  Treasurer  to  furnish  the  tellers 
with  an  alphabetical  list  of  members  in  arrears  for  dues  for  two  years 
or  more,  and  no  vote  from  a  member  so  in  arrears  shall  be  counted. 
Ballots  received  from  such  members  shall  be  returned  to  ihem  unopened 
with  a  statement  of  the  reason  for  such  action. 

PLURALITY     ELECTS. 

Sec.  5. — The  candidate  for  each  office  receiving  a  plurality  of  the  votss 
shall  be  declared  elected.  In  case  of  a  tie  vote,  the  meeting  shall  pro- 
ceed to  vote  by  ballot  for  the  candidates  who  are  tied. 

NOTIFICATION. 

Sec.  6. — The  Secretary  shall  officially  notify  in  writing  each  officer  of 
his  election. 

Officers  so  elected  shall  qualify  and  assume  their  duties  immediately 
after  the  adjournment  of  the  meeting  at  which  they  arc  elected,  and  shall 
hold  office  until  their  successors  are  duly  elected  and  qualified. 

VACANCIES. 

Sec  7. — Vacancies  occurring  for  any  cause  in  the  list  of  officers  shall 
be  filled  by  the  Board  of  Direction. 


ELECTION    OF    MEMBERS. 

Sec  8. — Each  application  shall  be  announced  on  the  notices  for  the 
next  meeting  after  it  is  received,  shall  then  be  considered  by  the  Board 
of  Direction,  and.  if  approved,  shall  be  presented  to  the   Society  for 
II 
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ballot  at  a  regular  meeting.  If  a  candidate  receives  a  majority  of  the 
ballots,  he  shall  be  declared  elected.  In  case  of  rejection,  no  minute 
shall  be  published,  but  the  Secretary  shall  notify  the  applicant  by  letter. 

APPLICATION   FOR    MEMBERSHIP. 

Sec.  9. — All  applications  for  membership  or  for  transfer  from  one 
grade  of  membership  to  another,  shall  be  made  on  a  regular  form,  to 
be  secured  from  the  Secretary,  and  to  be  endorsed  by  three  Members. 
This  form  shall  contain,  immediately  over  the  signature  of  the  appli- 
cant, a  clause  in  which  the  applicant  shall  agree  that  if  elected  he  will 
be  governed  in  all  Society  matters  by  the  Constitution  and  By-Laws, 
and  will  forward  the  interest  of  the  Society  at  all  times. 

ARTICLE  V. 

MEETINGS. 
ANNUAL    MEETING. 

Section  i. — There  shall  be  a  regular  annual  meeting  held  on  the  sec- 
ond Tuesday  of  February  each  year,  at  such  place  as  may  be  selected 
by  the  Board  of  Direction,  of  which  due  notice  shall  be  given  by  the 
Secretary. 

MEETINGS,  HOW  CALLED. 

Sec.  2. — Special  meetings  may  be  called  by  the  President  and,  when 
so  called,  notice  of  the  meeting  specifying  the  business  thereof  shall  be 
mailed  by  the  Secretary  to  the  postoffice  address  of  each  member  at 
least  ten  days  before  such  meeting  shall  be  held.  Special  meetings 
shall  be  called  by  the  President  on  written  application  of  any  ten  (10) 
members. 

QUORUM. 

Sec.  3. — Ten  per  cent,  of  the  membership  shall  constitute  a  quorum 
for  the  transaction  of  ordinary  business,  except  for  the  election  of 
officers  or  for  voting  on  amendments  to  the  Constitution  or  By-Laws, 
which  shall  require  fifteen  per  cent. 

ARTICLE  VI.. 


Section  i. — The  annual  dues  of  Members  and  Associate  Members  shall 
be  three  ($3.00)  dollars  per  year,  payable  in  advance  at  the  annual 
meeting. 

Members  elected  at  any  time  of  the  year  shall  pay  full  dues  for  that 
year. 

Sec.  2. — Honorary  Members  shall  pay  no  annual  dues. 

Sec.  3. — The  Board  of  Direction  shall  have  power  to  remit  dues  when, 
in  their  opinion,  it  is  for  the  best  interest  of  the  Society. 
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ARTICLE  VIL 

DCPRIYATION  OF   MEMBERSHIP. 

Section  i. — Any  member  whose  dues  shall  remain  unpaid  for  two  (2) 
years  shall  h-e  notified  by  the  Treasurer,  by  sending  by  registered  mail 
a  bill  for  dues  in  arrears,  on  the  face  of  which  bill  shall  be  printed  the 
sections  of  the  Constitution  covering  such  cases.  If  the  dues  are  not 
paid  within  thirty  (30)  days  after  such  notification,  the  matter  shall  be 
presented  to  the  Board  of  Direction,  who  shall  have  power  to  drop  such 
member  from  the  roll. 

RESIGXATIONS^ 

Sec  2.— Resignations  must  be  submitted  in  writing  to  the  Secretary, 
and  may  be  accepted  by  the  Board  of  Direction  when  all  indebtedness 
to  the   Society   has  been  discharged. 

Sec.  3. — ^AU  charges  against  any  member  shall  be  investigated  by  the 
Board  of  Direction  before  being  submitted  to  the  Society. 

Any  member  may  be  expelled  for  conduct  which  may  be  deemed 
prejudicial  to  the  Society,  by  a  two-thirds  vote  of  the  Members  present 
at  a  business  meeting;  providedi  that  not  less  than  fifteen  (15)  vote 
for  expulsion,  and  that  such  member  shall  have  had  one  month's  notice 
of  the  charges  preferred  against  him  and  of  the  time  appointed  for 
their  consideration.  All  charges  must  fully  set  forth  the  oflfense  or 
oflFenses  alleged,  and  must  be  signed  by  the  members  preferring  them. 
An  attested  copy  must  be  furnished  the  accused*  who  shall  be  entitled  to 
be  present  and  to  be  heard  in  defense,  in  person  or  by  attorney,  at  all 
meetings  at  which  the  charges  are  investigated,  except  during  the  time 
when  a  final  vote  is  being  taken. 


ARTICLE  VIIL 


AMENDMENTS  TO  THE   CDNSTlTUTtON. 


Section  i. — Proposed  amendments  to  this  Constitution  must  be  pre- 
sented in  writing  at  a  regular  business  meeting  of  the  Societ>%  and 
signed  by  at  least  three  Members. 

Amendments  so  presented  shall  be  read  at  the  meeting  and  a  copy  filed 
with  the  Secretary'  at  the  same  time.  At  the  meeting  when  presented 
the  proposed  amendments  may  be  discussed  and  amended,  but  cannot 
be  adopted. 

Sec.  2. — At  any  regular  business  meeting  the  amendments  previously 
proposed,  according  to  Section  i,  may  be  voted  upon  by  letter  ballot. 
These  ballots  shall  be  sent  out  with  the  call  for  the  meeting  and  shall 
have  the  proposed  amendment,  together  with  the  section  of  the  present 
Constitution  covering  the  point  in  question*  printed  upon  the  ballot, 
Whh  the  ballot  shall  also  be  sent  an  envelope  directed  to  the  Secretary 
and  marked  "Ballot  on  Amendment/'  The  Secretary  shall  keep  these 
letters  unopened  and  present  to  the  presiding  officer  all  replies  received 
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Up  to  the  hour  of  closing  the  polls.  Tellers  shall  be  appointed  by  the 
presiding  officer,  who  shall  open  and  count  all  ballots.  The  result 
shall  be  announced  at  the  meeting  by  the  presiding  officer.  Two-thirds 
of  the  ballots  cast  will  be  necessary  for  the  adoption  of  an  amend- 
ment. 

Sec.  3.— The  Board  of  Direction  is  authorized  to  number  the  Articles 
and  Sections  of  the  Constitution  and  By-Laws  to  correspond  with  any 
changes  that  may  be  made. 


BY-LAWS. 


MEETINGS. 


1.  In  addition  to  the  regular  annual  meeting,  as  provided  by  the  Con- 
stitution, the  Society  shall  hold  at  least  one  other  general  meeting,  and 
may  hold  such  other  meetings  to  listen  to  lectures  or  addresses,  or  to 
visit  engineering  works  of  interest,  or  of  a  purely  social  nature,  as  the 
Board  of  Direction  may  decide  to  call. 

GENERAL  ORDER  OF  BUSINESS  AT  ANNUAL  MEETING. 

2.  The  following  general  order  of  business  shall  be  observed  at  annual 
meetings : 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Report  of  Board  of  Direction. 

3.  Report  of  Secretary. 

4.  Report  of  Treasurer. 

5.  Report  of  any  Special  Committees. 

6.  Election  of  new  members. 

7.  Election  of  officers. 

8.  Address  of  President. 

9.  Miscellaneous  business. 

10.  Papers,  lectures,  or  addresses. 

11.  Adjournment. 

BUSINESS   MEETINGS— ORDER. 

3.  The  following  general  order  shall  be  observed  at  Business  Meet- 
ings: 

1.  Presentation  of,  and  action  upon,  minutes  of  last  meeting. 

2.  Miscellaneous  announcements. 

3.  Stated  business. 

4.  Adjournment. 

4.  Contributing  Members  under  the  old  Constitution  shall  become 
Associate  Members  upon  the  adoption  of  the  Revised  Constitution. 
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5.  Actual  personal  transportation  expenses  incurred  by  the  Secretary 
in  attending  meetings  shall  be  paid  from  the  Society  treasury,  upon 
approval  of  the  President  or  two  members  of  the  Board  of  Direction. 

6.  In  the  election  of  Honorary  Members,  a  imanimous  vote  is  neces- 
sary to  elect. 

7.  The  Society  may  at  any  time,  duly  named  for  the  purpose,  enact 
By-Laws  for  the  future  guidance,  consonant  with  the  Constitution. 
These  By-Laws  may  be  amended  or  repealed  at  any  meeting,  in  the  call 
for  which  meeting  a  copy  of  the  proposed  amendment  or  addition  shall 
have  been  printed  and  sent  to  each  member  with  the  said  notice. 

PARLIAMENTARY  RULES. 

8.  In  all  questions  arising  at  any  meeting,  involving  parliamentary 
rules,  not  provided  for  in  these  By-Laws,  Roberts*  Rules  of  Order  shall 
be  the  governing  authority. 

VISITORS. 

9.  Visitors  may  be  admitted  to  meetings  under  such  rules  as  the 
meeting  may  prescribe. 

10.  All  forms,  such  as  blanks  for  application  for  membership,  ballots 
for  officers,  ballots  on  amendments  to  Constitution  or  By-Laws,  and 
other  necessary  blanks  for  the  conduct  of  the  business  of  the  Society, 
shall  be  prepared  by  the  Secretary  and  approved  by  the  Board  of  Direc- 
tion. 
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CHARTER  MEMBERS  OF  THE  SOCIETY- 


HONORARY 

Prof.  John  E.  Clark April,  1884 

George  H.  Frost April,  1884 

ACTIVE 

E.  P.  Augur April.  1884 

H.  W.  Ayres Jan.  13,  1885 

G.  H.  Bishop. Jan.  13,  1885 

D.  S.  Brinsmade April,  1884 

C.  H.  BuNCE April,  1884 

L.  W.  Burt Jan.  13,  1885 

C.  E.  Chandler April,  1884 

R.  S.  Hulbert April,  1884 

C.  M.  Jarvis April,  1884 

H.  J.  Kellogg April,  1884 

F.  W.  Laforge Jan.  13,  1885 

J.  M.  McKenzik April,  1884 

W.  B.  Palmer Jan.  13,  1885 

S.  C.  Piersox Jan.  13,  1885 

A.  W.  Rice April,  1884 

William   G.   Smith April,  1884 

Xelson  J.  Weltox April,  1884 

J.   K.  Wilkes April,  1884 


List  of  Members. 

With  Addresses  and  Dates  of  Election. 


Members  are  particularly  requested  to  inform  the  Secretary  at  once 
of  any  change  in  address. 


HONORARY  MEMBERS. 

CHITTENDEN,    PROF.    RUSSELL   H April  20,  1901 

Dean  of  Sheffield  Scientific  School  of  Yale  University,  New  Haven,   Conn. 

CLARK,   JOHN    E April.   1884 

Prof.  Mathematics,  Emeritus,  at  Sheffield  Scientific  School,  Yale  University, 
South  Terrace,  Longraeadow,  Mass. 

FITZGERALD,   DESMOND    Jan.  8,  1901 

,   Consulting  Engineer,   Brookline,   Mass. 

FROST,  GEORGE  H April,  1884 

President   Engineering  News  Publishing  Co.,   New  York. 

FULLER,  WILLIAM  B Feb.  12,  1908 

Consulting  Engineer,  170  Broadway,  New  York. 

HADLEY,  DR.  ARTHUR  T April  20,  1901 

President  Yale  University,   New  Haven,   Conn. 

HAUPT,  LEWIS    Feb.  12,  1907 

Consulting  Engineer,   Philadelphia,   Pa. 

HAYNES,   EDWARD  C Jan.  14,  1890 

Rodman,  N.  Y. 

PETTEE,  WILLIAM  E Jan.  10,  1899 

Civil  Engineer,   Salisbury,   Conn. 

SEYMOUR,   WILLIAM   O Feb.  9,  1904 

Railroad  Commissioner,  Ridgefield,  Conn. 

SKINNER,   FRANK  W Jan.  9,  1900 

Editorial  Staff  of  the  Engineering  Record,  New  York. 

SCOFIELD,  HORACE  G Feb.   14,  1906 

Civil  Engfineer,  Bridgeport,  Conn. 
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ALDERSON,  ALGERNON  B Jan.  10,  1899 

Town  Engineer,  West  Hartford,  Conn. 

ALLEN,  GEORGE  B Aug.  12,  1908 

Department  of  Parks,  New  Haven,  Conn. 

AMRHYN,  GUSTAVE  X.,  Associate  Member   Feb.  9,  1904 

Department  of  Parks,  New  Haven,  Conn. 

AUGUR,  EDWIN  P.   April,  1884 

Civil  Engineer  and  Surveyor,  and  City  Surveyor,  Middletown,  Conn. 
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AYRES,   HENRY  W Jan.   13,   1885 

Hydraulic  Engineer.  Hartford,  Conn. 

AZHDERIAN.  REUBEN  B Feb.  w.   1907 

Civil   Engineer,   Bridgeport  Hydraulic  Co.,  Bridgeport,  Conn. 

BACON.  ARTHUR  W Feb.  9.   1904 

Civil   Engineer,   New  Britain,   Conn. 

BANTA,    D.    SCHUYLER    Aug.  23.   »905 

Civil   Engineer,  Hartford,  Conn. 

BARKER,  WILLIAM  H Aug.  10,   1904 

Jenkins  &  Barker,  Hartford,  Conn. 

BARNEY.   SAMUEL   E 1 Jan.  9.   1900 

Prof.  Civil  Engineering  Sheffield  Scientific  School,  Yale  L^niversity, 
New  Haven,  Conn. 

BEACH,    CHARLES   EDWARD    Jan.   10,   1893 

Civil   Engineer,   West   Hartford,   Conn. 

BELDEN.  CLIFFORD  H March  30.    1900 

Civil   Engineer,   New  London,  Conn. 

BELDEN,  EDGAR  T Jan.  8,   1901 

Box  931,   Pittsfield,  Mass. 

BENNETT.  CHAS.  J Aug.  14.   1906 

Engineering  Department,  N.  Y.,  X.  H.  &  H.  R.  R.  Co.,  Hartford,  Conn. 

BENNETT.   RAYMOND   F March  30.   1900 

W.  F.  Bennett  &  Son,  Contractors,   Portland,   Maine. 

BIGELOW,    HORATIO    Aug.  14,  1907 

Civil   Engineer,   Norwich,   Conn. 

BISHOP,   GEORGE   H '. Jan.  13.   1885 

Hydraulic  Engineer,  Middletown,  Conn. 

BLACK,  WILLIS  J .Feb.  13,  1906 

Civil  Engineer,  N.  Y.,  N.  H.  &  H.  R.  R.,  New  Haven.  Conn. 

BLAIR.   CLARENCE    M Aug.   10,   1904 

Civil   Engineer,  New  Haven.  Conn. 

BLAKESLEE.  CLARENCE  Jan.  9.  1900 

Civil   Engineer  and  Contractor,  New   Haven.  Conn. 

BLATCHLEY.   WILLL\M   J Aug.  10.   1904 
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Chicago  Bridge  and  Iron  Works, Chicago,  III,. ,, « 31 

TAPES. 

C.  L.  Berger  &  Sons,  Boston,  Mass. 38 

George  >r  Eddy  &  Co.,  Brooklyn,  N.  Y. 13 

W,  &  L.  E.  Gurley,  Troy.  N.  Y. .....(inside  back  cover) 

Kolcach  &  Co.,  New  York,  N.  Y ,....» 41 

E,  G.  Soltmann,  New  York,  N.  Y.    ....,, ....*......*. ...,*..*        41 

The  Lufkin  Rule  Co.,  Saginaw,  Mich.    .*.,*,..»««....*•,«.... ««, ......,«....» t? 

VALVES  AND  HVDRANTS. 

Coldwcll-Wilcojt  Co.,  Newburgh,  N.  Y i 

WELLS. 

E.  D.  Haromoad,  Hartford,  Conn .......»*,..       la 
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npHESE   Proceedings   reach  some  2500   engineers    and    con- 
^     tractors  throughout  the  country.     No  like  publication  that 
we  know  of  provides  the   same  amount  of  advertising   for  so 
small  an  expenditure. 

For  rates  and  space,  address 

J.  FREDERICK  JACKSON, 

Secretary,  New  Haven,  Conn 


DO  NOT  FORGET  OUR  ADVERTISERS 


THEY  ARE  ALL  FIRST  CLASS  AND  RELIABLE 


PATRONIZE  THOSE  WHO  PATRONIZE  US 


Please   Mention   this   Publication   in  Addressing  Them 


HERBERT   C.    KEITH 

(Mem.  Am.  Soc.  C.  E.) 

ii6  Nassau  Street,   New   York 

DB8ION    AND    CONSTRUCTION  OK 

Bridge  and  Strtictiaral  'Work 
Maaonry  and  Kotindationa 
Railroads  and  Street  Rail^waya 

Inspection  and  Valuation  of  Existing  Structures.     Legal  Engineering. 


Rudolph  Hcring  George  W.  Fuller  George  A.  Johnaon  Elmer  G.  Manalum 

HERING  &  FULLER 
Hydraulic  Engineers  and  Sanitary  Experts 

aPBCiALTtms 
WATER  SUPPLY  SEW^ERAGE 

WATER  PURIFICATION  SEWAGE  DISP08AI. 

REFUSE  DISPOSAL 

170    BROADWAY  ISEW    VORK 


■ 

Alpha 
Portland  Cement 

THE    RECOGNIZED 

STANDARD 
AMERICAN    BRAND 

F 

Vlpha  Portland  Cetnent  Co 

NEW  ENGLAND  DEPARTMENT 

521  and  522  Board  of  Trade  Buildinfi 
BOSTON,   MASS. 

,  JV.  KINNEY,  Manager 

1. 

2 

1 

SetTtnarr  KDd  ami.  Tiimwiiiiii 


Wx.  H.  Bora 


American 
Pipe  and  Construction  Company 


Engineers  and  Contractors 


INo.  112   INORTH    BROAD   ST. 


RmLrADEURMIA 


J.  \V.  1.EIH.>1  \.  M.  AM.  SOC.  ('.  E. 


J.VMKiS   11.    IVVWK.S 


HaBOLI>  PEB4VT  KCSN 

Supt.  Operating  Dept. 


AmERICAN    AND    GERMAN 


FACTS  ARE  BETTER  THAN  ASSERTIONS 


THE    SIDEWALK    CEMENT 

EVERY  barrel  of  ALSEN'S  guaranteed  iin reservedly  to 
conform  to  **  Standard  "  and  Government  Specifications. 
A  medium  slow  set  cement  has  proven  in  practical  tests, 
in  all  countries^  most  durable  and  safe. 

Forced  strength,  like  forced  growth,  is  dangerous  to 
ultimate  results. 

We  supply  QUICK  SET  for  special  work  only- 

ALSEN'S  is  the  SAFEST  cement,  as  Analyses  prove. 
So  low  in  magnesia  and  sulphuric  anhydride  that  Engi- 
neersand  Architects  give  it  preference  in  steel  or  hydraulic 
construction.  We  guarantee  an  Analysis  that  other  large 
companies  cannot  meet. 

The  Panama  Canal  Award  bv  Isthmian  Commission, 
the  70,000  bbL  City  of  Rochester  contract,  the  100,000 
bbl.  New  Orleans  Filtration  Plant,  the  200,000  bbl,  Key 
West  Extension,  and  many  works  of  nearly  equal  import- 
ance, without  a  single  rejection  under  most  rigid  tests, 
substantiate  every  assertion  made  for  this  Portland. 
Alsens  was  also  selected  for  the  1,100,000  bbl.  Ashokan 
Dam  contract. 


CEMEINT    irVSURAINGE'' 


Sena  to  our  M^n  Sales  Office*  st  100  WQJtun  Street.  New  YoA  GHir» 
for  a  free  copy  of  the  Seventii  EdftJoa  of  the  Review  of 
Pahru  for  Metal, 


For  Bituminous  Macadam  Work 


Liquid  Asphalt 
Macadam  Binder 
Road  Asphalt 


CONTAIN  ONLY  VALUABLE  BINDER 

Have  proved  themselves  a  practical  success 

Used  by  the  Rhode  Island  State  Highway  Commtssion 

THE  TEXAS  COMPANY 

New  York,     Philadelphia^     Provldencei     St*  Louis,     New  Orleans 
Houston     Dallas,    Port  Arthur  and  El  Paso,  Texas 


LARGEST  CAPACITY  OF  ANY  CEMENT  COMPANY  IN 
THE  WORLD,  OVER  40.000  BARRELS  PER  DAY 

THE  ATLAS  Portland  CEMENT  CO. 

30  Broad  Street,  New  York  City 

Send  for  our  books  on  concrete  consiruction 
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A  RUBBER  SQUEEGEE  CLEANER 

that  replaces  the  Sprinkler,  Sweeper  and  Scrapett 
and  cleans  a  street  as  a  rubber  squeegee  does  a  window 


What  some  City  Officials  think  of  the  Kindling  Street  Wishing  Machine 


**  I  consider  it  the  most  practicable  street 
ctcftiieT  for  sfnouib  pareineoi  thnt  1  tuiTe  «rer 
seen.  Its  advantig^es  over  other  fluftblag^ 
machines  are  that  its  sprinklers  are  tmder  no 
heavy  air  pref^s^^e.  so  dctiiinenial  in  my 
opmion  to  aaphalt  and  other  similar  pavementa, 
and  at  the  same  time  there  is  practicatly  no 
waste  ol  water,  as  it  is  about  all  used  by  the 
heavy  revulvlng  rubber  squeegee  which  washes 
the  pavement  so  thofoti|fhly  as  to  leav^e  no . 
slime,  tnud  or  dust." — Cuahlrs  J.  PoaTSCN« 
City  Bngiineer,  Milwaukee,  March  k>,  1908. 

'*  t  am  in  receipt  of  your  communicatioa  of 
Aug^ust  tothf  cncJo^ing  bill  of  lading  for  three 
(])  of  your  Street  WashioK  Machines^  which 
completes  the  order  for  ten  do)  machioes  for  this 


department.  These  inacbine«  are  doki^  mmi 
eacellcnt  work,  both  in  point  of  tA^jfo^jtlictti 
and  economy.  We  are  cnakinj^  sn  ea^tcosttv 
lest  with  the  machines,  coirerin^  tike  9lc«rt  ate* 
cl<mied«  quantity  of  water  consiiiBed  amd  eodi 
of  otferation.  When  sufficient  dat»  is  ii^taliiedi 
I  shall  be  glad  to  lei  you  hare  &  iflCiibeBieiil  of 
the  results/*— FosTsa  Ckowbli^  ComaiisBioecff 
of  Street  Cleaning,  New  York,  August  sf ,  soei^ 

**  I  am  pleased  to  i^lf  c  you  the  date  pfocmi 
by  our  test  mentionetl  in  my  letter  of  Ah 
t8.    We  cleared  37,814  »q   y»rds  la 
with  one  machine,  and  with  a  coosaiSE 
143  (TiLllons  of  water  per  t,ooosq.  rardiSt  < 
once." — Fost»bCrowell.  New  Vork«  I 
ber  73,  I9d8« 


KINDLING  MACHINERY  CO. 

MILWAUKEE,  WISCONSIN 

LEX  US  SEi'SD  COMPLETE  DESCRIPTIOIS 
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TANDi 


Asphalt  Koad  Oil 

Emulsifying  Road  Oil 

Macadam  Asphalt  Binder 


For 

Allaying  the  Dust 

Preserving  the  Surface 

and   Binding   the   Road 

Experience  and  experiment  have  demonstrated 
that  asphalt  or  oil  with  an  asphaltum  base  are  the 
only  substances  successfully   applied    to  roads  to 
insure  permanency  of  dust  relief  and  to  maintain  the 
roads  in  perfect  condition. 

In  our  three  preparations  we  offer  products 
that  are  suitable  for  road  construction  or  road 
maintenance.     Adapted  for  all  conditions  of 
roads  and  for  use  in  all  localities. 

Full  in  format  ion  on  request. 
STANDARD  OIL  COMPANY,  Road  Oil  Dept*.^ 

2&  Broadway,  New  York. 

115  Aaam»  Street^  Chicaffo.  III. 

KMmias  City,  Kunu 


Tbere  If  oo  Ceaeit  os  iht  oMrket  wHk  «ore  polots  la  Its  §arm  Ikaa 

EDISON  PORTLAND  CEMENT 


The  Anchorage  of  ihc  Manhattaa  Suspension  Bridge,  the 
Bridge  Loop  connecting  Brooklyn  and  Williamsburg  Bridges^ 
New  Brooklyn  Dry  Dock  No.  4,  Bronx  Storm  Relief  TunneJ 
Sewer,  New  York  City  :  U.  S,  Navy  Yard,  Ponsmouth^  N.  H.; 
Filtration  Plants,  McKeespon.  Pa,,  and  Philadelphia,  Pa,:  Scm 
Wall,  North  River,  N.  Y, ;  Windora  Reservoir,  Orchard  Park,  N. 
Y. ;  Dam  and  Power  House,  Great  Falls  Sta.,  S.  C. ;  Dam  aitd 
Power  House,  Rocky  Creek,  S.  C,  are  a  few  of  the  many  con- 
struction works  of  importance  into  which  *'  Edison  *'  is  goin^, 

85  per  cent,  through  200 
98  per  cent,  through  100 

Every  Barrel  of  "Edison**  Guaranieed  to  Pass  Standard  SpecificatiOBS 


Edison  Portland  Cement  Company 


SAL.BS  ORPices 


New  York.  St.  Ivnef  Bulldlnir 
PhlUdclpIll*.  Arcade  BuUaiiig 
Pttt^buriEli,  Machesfiey  HuUtlinc 


Botton>  P.  O.  Square  BoUiSinK 

Newark^  N.  J.,  Union  BuUdlns 
-Savannah,  National  Bank   BaBdln^ 


^ 


Concrete  Arches  ^nd  Foundations 


Artificial  Stone  Sidcviralks 

Masonry,  Sewers 


Protect  the  Joints  in  your  Concrete 
\^th   the 

HARTFORD  WATERPROOF  JOINT.  Patented 
And  insure  good  work 


tmbllshed  ISdl 


Issued  Annually 


Hendricks'  Commercial  Register 

OF  THE    UNITED   STATES 


For  BUYERS  and  SELLERS 


Is   the    most   complete    work   of    its   kind    ever   issued 


Containt  oy«r  13CK}  pages.    350,000  lumes  and  addreiset 
Iktcd  under  more  than  28,000  elatftification* 


PBIC£,   910.O0»   EXPRESS   CHARGES  PREPAIB 


H       Indispensable  to  purchasing  agents  for  all  large  interests,  in- 

^  eluding  Machinery  of  all  kinds.  Mills,  Mines,  Railroads,  Electric 

and  Gas  Lighting  Companies,  Municipalities,  Governments,  etc. 

Each  Classification  represents  ihe  manufacturers  or  jobbers  of 
some  particular  kind  of  machine,  tool,  apparatus,  specialty  or 
material. 

Acknowledged  by  competent  authorities  to  be  the  most  com- 
plete and  reliable  Book  of  Reference  for  Buyer  and  Seller  published. 

The  Popularity  of  Hendricks'  Commercial  Register  is 
attested  by  the  fact  that  more  than  1  5,000  copies  are  now  in  use 
by  the  leading  firms  and  corporations  throughout  the  country. 


S.  E.   HENDRICKS  COMPANY,  Publishers 

74  LAFAYETTE  STREET,  NEW  YORK 
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Qiant  Portland  and 
Union  Rosendale  Cements 


Manufactured  by  American  Cement  Co.  of  Pennsylvania 


Important  Work  on  Which  these  Brands  were  Used 


New  York,  New  Haven  &  Hartford  R.  R. 

New  Vork  Cenlml  &  Hudson  River  Road. 

Peaasylvattta  System  and  Wee  hawk  en  & 
ManhaUan  Shafts,  together  wiih  North 
and  K>a*it  Rivt:r  TtinD«K  now  under 
construction. 

Hudson  Co/s  five  tunnels  under  North  River. 

Atlantic  Avenue  ImprovcmenH,  BrookLyn« 
N.  V. 


Briehion     Beach     Rati  road 
Brooklyn,  N.  Y, 


Improvements, 


Nevr  Croton  Dam  and  Aqueduct. 
Cnited  Gas  and  Coke  Co.,  Everett.  Mass. 
Boston  Transit  Commission,  Roston,  Mass. 
Wachusetts  Dam.  Clinton^  Mass. 
Jerome  Park  Reservoir,  New  York  City. 
Mall  of  Records,  New  York  City. 
Troop  C,  Armory*  Brooklyn,  K.  Y. 
Cross  RWct  Dam,  Katonah,  N»  Y, 


Re-Inforced  Concrete  Buildings 


Automobile  Co,  of  America,  New  York  Cily» 

7  story  Garaite. 
Packard    Motor  Coropany,  New  York  City. 

6  storv  Garage. 

Hodgman     Rubber    Co,.    Tuckahoe,    N.  Y*, 

5  stnry  l-^actorv. 
McNulty  Cumpany.  New  York  CUy^  lo  Story 

Warehijuftc. 
Bowling  Green  Storage  Co.,  New  York  City, 

7  story  Warehouse, 

Wood    Worsted     Mills,    Lawrence,    Mass., 
7  story  Warehouse. 


Mergenthalcr  finotype  Co.,  Brooklyn,  N.Y., 

&  story  Kactory, 
Ha  nan    Shoe    Company,    Brooklyn,    N.  Y., 

6  stury  Factory. 
SchwarjEchlld  &  Sulzberger.  New  York  City, 

L story  Stable, 
ang  Shoe  Co.,  Framingham,  Mass., 

5  story  Factory- 

Commercial    Trust    Co..    New    York    City, 

6  story  iiNtnk  and  O^ce  Building. 
Boston  &  Albcuny   Hadroad,  Boston^  Mass., 

7  story  Warehouse. 


1,500,000  Bbls. 


of  thete  brarMla  uk«d  «iiclu«ive]y  in.  construction  by 

Rapid  Transit  Subway  Cons,  Co.  in  N«w  York 

City  &ndl  Bro^^klyn 


United  Building  Material  Company 

320  Broad wajF,  N«w  York  City  101   Milk  St,  Boslon,  Mats. 

Quotaiions  Sent  Upon  Application 


i« 


D.  F.  KEENAN 

Crushed  Trap  Rock 

For  MACADAM,  BALLAST 
CONCRETE  DRIVEWAYS 
=  ETC.  =^^= 

Rough  Wall  stone  ?!-  Bottom  Stone  Very  Cheap 


Pour  Crushers  at  Work  at  Quarry  near  Newington 
800  Tons  Daily  Capacity 

stone  delivered  by  Electric  Cars  alonff  all  lines  centerlns:  «t  Hartford 
or  dumped  into  carts  at  Bins  rear  of  173  State  Street 


Telephone  1675 
OFFICE:    ROOM  21,  WAVERLY  BUILDINQ 

721  Main  Street     -      HARTFORD,   CONN. 

Represented  by  DON  O'CONNOR 
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Catalogue  Printing 

Quality 

Should  be  the  first  consideration 

Illustrations 

Printed  by  experts — bringing  out  the  complete  detail— 
assist  greatly  in  Making  Sales 

Fine  Catalogue  Printing  is  one  of 
Our  Specialties 

We  represent  The  General  Fireproofing  Company  in  New 
Haven  and  Southern  Connecticut 


FIREPROOF     (    <ia^£Ju£l£^C^  \    Filing  Devices 


OFFICE  FURNITURE 

AGENTS    FOR 

Yawman  CS,  Erbe  Manufacturing  Company 
Filing  Equipment      N  Supplies 

Sectional  and  Solid  '  I        Folders,  Cards,  Guides 

The  Tuttle,  Morehouse  &  Taylor  Co. 

123  Temple  Street  NEW  HAVEN,  CONN.  179  Crown  Street 


The  Leading: 

Civil  Engineering:  Journal 

UP  AMERICA  IS 

THE   ENGINEERING   RECORD 

During  rgoS  it  published  2385  Proposal  Advertisemenis  caMing 
for  bids — more  than  appeared  In  any  oilier  engineering  journal, 
THE  ENGINEERING  RECORD  concentrates  its  attention 
exclusively  on  subjects  of  vital  interest  to  the  civil  engineer* 
Jts  articles  arc  written  or  revised  by  engineers  connected  with 
the  works  described, 

SUBSCRIPTION  PRICE  BUT  I3.00  a  year— less  than  six 
cents  per  copy. 

SAMPLES  ON  REQUEST 

THE   ENGINEERING   RECORD 

239  West  39th  Street.   New  Vork 


E.  D.   HAMMOND 

HARTFORD,  CONN. 

Foundation  Borings      Artesian  Wells 

WIND  MILLS.  ENGINES,  TANKS  AND  TOWERS 
Diamond  Core  Drilling 


We  remove  uncertainty  in  foundation  work  by  obtaining  actual 
samples  of  all  strata,  whether  same  is  sand,  quicksand,  gravel, 
clay,  boulders  or  rock,  etc. 

Among  others,  we  have  made  barings  for — 

U*  S,  Army  Engineers,  survey  of  Connecticut  River  and  Provi- 
dence River;  Water  Commissioners,  Hartford,  4,100  lin.  ft.  ; 
Bridge  Commission,  Hartford,  32  tests  to  bed  rock  ;  bridge, 
Derby*  Conn,  ;  Water  Commissioners,  Meriden,  Conn,  ;  Connec- 
ticut River  Power  Co.,  Brattleboro,  Vt.  ;  Tuttle  Brick  Co,, 
Middletown,  Conn, 
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BENVENUE  GRANITE  CO. 

4  J  Park  Row,  New  York,  R  Y. 


Granite— ** Crotch  Island''    and    '* Sullivan"  for 
Building,  Curb  and  Monumental  Work 


DESCRIPTION 

•'Crotch  Island"  Granite  is  light  pink  in  color,  which  is 
perfectly  uniform.  It  is  a  fine  class  of  Granite  and  is  suitable  for 
every  description  of  high-class  building,  monumental  and  curb 
work. 

•*  Sullivan  "  Granite  is  of  a  light  gray  color,  fine  grained  and 
uniform  texture. 


The  Benvenue  Granite  Co.  has  quite  recently  installed  at  its 
quarries  a  complete  outfit  of  Granite  Cutting  Machinery  and 
accessories  of  the  most  modern  description  known  to  the  Granite 
trade. 

Our  Motto  is:   Quick   Deliveries 
SEE  OUR  CURB  ON  THE  NEW  HARTFORD  BRIDGE 
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The  Lorain  Steel  Company 

Girder  Rails 

High  Tee  Rails 

High-Grade 

Special  Track  Work 

And  Electrically  Welded  Joints 


General  Offices 

.  Pennsylvania  Building 

Philadelphia,  Pa. 

Also  Offices  at 
New  York,  N.  Y.,  30  Church  St.  Chicago,  tU..  Monadnock  Block 

Fittshyrg,  Pa,,  Frkk  Building  Annex    St.  Louis,  Mo.,  Chemical  Building 
Atlanta,  Oa«,  Equitable  Building  Cleveland,  Ohio,  Rockefeller  Build- 

San  Francisco,  CaL,  Crocker  Build-  ing 

ing  Phiiadetptiia,  Fa.,  PenngylvanUi 

Building 


JOHNSTOWN,  PA« 


34 


General  Contractors 


STEAM  SHOVEL  WORK  OF  ALL  KINDS 


CONCRETE  OF  ALL  KINDS 

STEAM  AND  ELECTRIC  RAILWAY 
BUILDING 


POWER  PLANTS,  DAMS,  SEWERS, 
ETC.,  ETC. 


Low 
Prices 


Test  Borings— Exact  Samples 

CORE  DRILL  BORINGS      FOUNDATION  TESTS 

rOUNDATIONS  F0R  HEAVY  ENGINEERING  STRUCTURES  INVESllGAlEi 

Samples  of  alt  materials  penetrated  saved  for  record  and  inspec- 
tion. Samples  of  sand,  gravel,  quicksand,  cla>%  hardpan,  etc., 
shown    In    same    condiiion    as    it    is     from    where    it    is    taken. 

CORE  SAMPLE  FROM  ROCK 

Samples  from  various  strata  of  rock  encountered  for  investigating  the  nature  and 

extent  of  rock  in  nevtr  quarries,  mines,  etc.     The  actual  stone 

is  brought  up  for  inspection. 

Artesiaii  Wells,  Wiadmllls,  Pumps,  Drllliii^  Hachinern  Well  Stipjilies, 
Elevated  TatiKs  for  SprinKler  System  of  Fire  Protection 

C    L.    ORAIST 

SS    Belden   St.,  Hartford,  Conn. 


The  Sessions  Foundry  Co. 


Sewer  and  Subway  Manhole  Castiogs 
Sewer  Catch  Basin  Castings,  etc. 

Piompl  Shipmenis  Write  us  for  estimates  Delivery  at  xny  point 


SCHERZER  ROLLING  LEFT  BRIDGES 

are  Modern,  Scientiic,  Safe.  Simple*  Efficient,  and  Economic 
cal  and  are  superseding  and  replacing  swing  bridges  and 
other  old  and  obsolete  types  of  movable  bridges  for  Rail- 
roads, Electric  Railways  and  Highways  all  over  the  World, 


[I9li 


Sohtrzer  RoHing  Lift  Bridge  acrost  West  River  nr  Avenut.  Mtit  Hnriii,  Conn. 

More  than  i2u  swing  bridges  have  already  been  condemned,  removed  stnd 
replaced  by  modern  SCHERZER  ROLLING  LIFT  BRIDGES  for  the 
following  and  many  other  Cities  and  Railroad  Companies  in  the  United 
States  and  Abroad  : 

Greater  New  York,  Chicago,  Boston,  Cleveland.  Buffalo,  Peoria, 
Saginaw,  New  Haven*  Gloucester,  Manistee,  Fall  Rivcr»  Cambridge* 
Bridgeport,  Marseilles,  St,  Petersburg  (Russia),  Borough  of  Barrow-in- 
Furness  (England). 

N.  Y-,  N.  H.  &  H,  R.  R.,  N,  Y.  C.  Lines,  Penna.  Lines,  B.  &  O.  R.  R.. 
L.  S.  &  M.  S>  Ry.,  N.  Y.  C,  &  St.  L.  Ry..  N.  &  W,  Ry..  S.  A.  L.  R\\, 
Erie  Railroad,  M.  W,  S.  E.  R.  R..  Chicago;  C.  T.  T.  R,  R,,  C.  J.  R.  R.» 
C.  C.  C.  .^  St.  L.  R,  R/,  C.  R.  R.  of  N,  J„  B.  R.  B.  &  L.  R.  R„  B  &  S, 
R,  R.,  C.  L.  S,  &  E.  R.  R.,  Can.  Nor,  Ry.  N.  iX:  S.  Ry,.  B.  C.  R.   R., 

B.  R.  T,  Ry,,  D.  R    L.  &  W.  R.  R..  G.  ik  F.  Ry.»  B.  R.  &  P.  Ry..  S,  E.  & 

C.  Ry,.  England  ;  F.  &  R.  Rys,  Co.,  Ireland  ;  Dutch  R.  R.  Co..  Holland; 
Furness  Rys.  Co.,  England  ;  B*  A.  G.  S*  Ry.,  Argentina  i  Burma  Rys., 
India;  Tehaunlepec  Ry.  at  Salina  Crux.  Mexico;  C.  to  C.  R,  R.  at  Port 
Soudan,  Egypt. 

Highest  Award,  Worlif  8  Fair,  SL  Louis,  1904 

Write  at  for  loiorinatlaa,  Photographs,  Sketches  and  Esilmates 

THE  SCHERZER  ROLLING  LIFT  BRIDGE  COMPANY 

Main  Offices:  Monadnock  Block,  Chicago^  U.  S.  A, 


Cahlt  Address 
•SCHEHZEK.  CMICAQO" 


Eattern  Of  Ike 
22(i  i*l40Al>VV  \V,   NUW    YORK 
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The  Leading  Pavement 


The  foUomiing  is  jin  extract  from  the  " Municipal  Journal  And  Engineer/'  of 
March  4,  1908: 

Relative  Amounts  of  Various  Pavements 

**  In  New  England  we  find  elev^en  difTcrcnt  kinds  of  pavinif.  aside  from  mac- 
adam, Of  these,  stone  block  leads  in  qitanttty.  and  the  others  arrange  them- 
selves in  ihe  foUowinjf  order  :  gravel,  brick,  cobblestone,  bilulilhic,  asphalt.  Has- 
sam,  wood-block,  aspbaltiuc.  asphali  block  and  biiuminous  macadam. 

'*  Last  year  the  largest  amount  of  paving  was  sione  block,  followed  by  Has- 
sain,  gravel,  brick,  bitulitbic  and  wood-block,  in  the  order  given/* 


H  ASS  AM  PAVEMENT  ON  OAK  STREET.  NEW  HAVEN,  CONN. 
Laid  by  The  Connecticut  Hassam  Paving  Co. 

Information  and  estimates  fo;  this  most  popular  kind  of  paretneni  furnished 
on  application  to 

The  Connecticut  Hassam  Paving  Company 

902  Chapel  Street,  ^cv^  Haven,  Conn. 
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Metal  Tanks 


We  are  the  builders  of  those  hemispherical  bottom 
elevated  steel  tanks  which  you  have  probably 
noticed  in  various  parts  of  the  country.  We  have 
done  work  of  this  character  in  44  states  and 
territories  of  the  United  States,  in  6  of  the  provinces 
of  Canada,  in  Mexico,  Cuba,  the  Panama  Canal  Zone 
and  the  Philippine  Islands, 

The  illustration  shows  a  structure  which  we 
recently  built  for  the  Louisville  Water  Co.,  of 

Louisville,  Ky.  This  is 
the  largest  tank  of  its 
kind  in  the  world,  having 
a  capacity  of  1,200,000 
gallons  and  a  height  of 
220  feet  from  the  top  of 
foundations  to  the  maxi- 
mum water  line  of  the 
tank. 

We  are  prepared  to  de- 

sign,  manufacture  and 
erect  these  tanks  of  any 
practical  dimensions  in 
any  part  of  the  world. 

Our  booklet,  'VMetal 
Structures,"  mailed  upon 
request 

Chicago  Bridge  and  Iron  Works 

105th  and  Throop  Streets        ::        Chicago,  Illinois 
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THE 

T.  A.  Scott  Co 

Wrecking  and  Salvage  Operations 
of  Every  Character.  Contractors 
in  Marine  Construction.     .     .     . 


Steel,  Concrete,  Wood  and  Sheet  Piling 

Bridges,  Cofferdams,  Foundations 

Marine  Railways,  Wharfs  and  Seawalls 


DREDGING,  TOWING 
DIVERS  AT  SHORT  NOTICE 


NEW   LONDON,       -       -       CONN, 

Telephone  97-S,  day  or  night 
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"THE  MIXER  THAT  MIXES" 

The  Hadsel  Concrete   Mixer  is   built   by  an  oi^ankatfon  whose 

members  have  been  in  the  concrete  business  for  years. 

//  ha  J  won  and  maintaini  its  prettnincnt  p>ositi&n  wholly  en  its  merits^ 
It  is  backed  by  ike  htit  guarantee  ever  given  and  by  a  cefftpany  that  is 
ft  ti  and  ally  able  t^  earry  out  e\>ety  statement  made  in  itx  behalf, 

it  w»s  the  firsi  mixer  to  be  butli  with  cast  iron  drum,  thus  insuring 
greater  wearing  qualities  as  compared  with  steel  plate  for  this  class 
of  work. 

The  driving  mechanj«^m  is  simplicity  itself,  all  mechatiicaJ  imper- 
tcciions  being  avoided. 

Not  a  piece  of  wood  used  in  its  coBStrucrion,  insuring  absolute 
rigidity  and  alignment  of  all  moving  parts.  DO  NOT  OVERLOOK 
THIS. 

Get  our  catalog  if  you  wish  to  find  out  how  a  concrete  mixer 
should  be  constructed. 

Capacity    Simplicity    Durability    Rifidity 
KINGSTON  MANUFACTURING  COMPANY 

WILKESBARRE.  PA, 
Agencies  in  all  of  the  Principal  Cities 


I 
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ENGINEERING    NEWS 

GEO  ROE  M.  FROST.  President 

Thirty-five  years  of  uninterrupted  progress  under  the  same 
conservative  management 

A  journal  of  Civil,  Mechaoicalp  Mining  and  Occtdcal  Engineering  covering 
a  broad  Beld  in  a  most  comprehensive  manner  from  the  standpoint  of  the  highest 
ideals  of  engineering  and  journalism. 

One  year,  $5.00;   six  motiihs,  $2.50;   ten  weel<s,  $1.00 
A  SPECIMEN  COPV  MAiLED  ON  REQUEST 

THE  ENGINEERING  NEWS  PUBLISHING  CO. 

2»  BROADWAY,   NEW  YORK  CITY 


ROBERT  W.  HUNT  &  CO. 

ENGINEERS 

TEST   MATERIALS,  WSPECT  FABRICATION,  SUPKVISE  ERECTION 

STRUCTURES  OF  EVERY  DESCRIPTION 


examples: 

buildings 

Metropolitan  Life  Ins.  Co.   Bldgs* 

Apihorpe  Aparimem  Bldgs. 

B.  Aliman 

Gorham   Mfg,  Co.  '* 

Tiffany  &  Co. 

Singer  Mfg.  Co»  ** 

Sixty  Wall  Street 


VAyLTft 
Sub  Treasuryi  Wall  Street 
34th  Street  National  Bank 
Van  Norden  Trust  Co. 
Windsor  Trust  Co. 
Liberty  National  Bank 
Bankers  Trust  Co. 
SeEigm^  &  Co.,  Bankers 


REPRESENTATIVE  BUILDINGS  IN  ALL  TME  URGE  CITIES 
OF  THE  UNITED  STATES 

LAeOflATORIES 

PHYSICAL,  CHEMICAL,  CEMENT 


Jlew  York  Waj>hir>^tan        Fitt^burch  Buenoii  Ay  res       Cbicago 

Pbllndelphia       Montrca.!  New  Orkans      London  St.  Louis 


San  Francisco 
Mciico  CHy 


RAILWAY.  STEAMSHIP  kHB  mOUSTRIAL  PH0PERT1E5  EXAM1MED  AND  APPRAISED 
ECONOMIC  OPERATION  DETERMINED 

3* 


EXPANDED    METAL 

AND  TWISTED  STEEL  RODS 

FOR  REINFORCING  CONCRETE 

Atlas  and  Giant 

PORTLAND  CEMENTS 


lU 
CO 


THE 

Warner. 


JMEWJIAVEH 

Conn.  - 


m 

CO 

H 
O 


EXPANDED    STEEL    LATH 

PAVING  BRICK 


PROMPT  DELIVERIES  MADE   FROII  STOCK  AT 
NEW  HAVEN 


The 

O'Brien  Construction  Co. 

General  Contractors 

36    North    Main    Street 

■Waterbury,    Conn. 
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The  New  i€tna  Copyrighted  Liability  Policies 
mark  the  highest  point  of  development  yet 
reached  in   this   form   of  insurance  protection 

ALL  CLAIMS  FOR  DAMAGES 


Are  covered,  regardless  of  whether  or  not  the 
Insured  is  proved  to  be  legally  liable.  They 
also  cover  claims  for  damages  on  account  of 
injuries  merely  alleged  to  have  been  suffered 

The  value  of  their  broad  scope  is  enhanced  by  the 
most  complete  inspection  service  and  the  backing  of 
the  greatest  assets  of  any  company  in  the  liability 
business 


^TM  LIFE  INSURANCE  CO. 

ACCIDENT  AND  LIABILITY  DEPT 
HARTFORD,  CONN. 


37 


k 


GRANITOID  PAVEMENT 


(TRADE   MARK    HEGlSTCftCD) 


The  Superior  of  All  Other  Pentianeot  Pavements 


CHAPE.L  STREET,  NEW  HAVEN.  CONN. 


The  Blome  Company  Patented  Graaitoid  Concrete  Blocked  PaYemeit 

A  pnvernent  of  monolithic  cdn«Tuct1oti.  Permaneolly  TctmmnK  surface  grmdcA.  Intcfided 
foT  wit  degrees  of  iraflc.  Satisfactorily  ViiihsUnth  all  climates.  Become*  more  durable 
with  atffc.  The  most  sanitary  pavexiifnl  oti  the  mMTkcL  Lo-dmy.  The  most  suilabk-  for  slrecl 
car  track  spaces     The  hBndsumest  of  them  alL    A  revolution  In  permatient  pavements. 

The  forejfoinK  claims  arc  convincingly  dcmonslraled  by  the  pareineois  urom  one  lo 
six  streets  re*ip«ctivcly )  la*d  for  the  folloVing  cities  and  corrjoraiions: 

Knoxville,  Tenn':  Xew  Orleans,  La,;  V'icksburB.  >ms.  -  Palestine.  Texas;  New 
Hac'cti,  Conn. ;  Boston.  Mass. ;  New  Hrunsurick..  N.J;  Kalaraaioo,  Mich.  ;  Hed  Jacket 
iCalumetl.  Mich  ;  tJancockwMjch. ;  Laurium.  Miclu  ;  U.S.  Steel  Ci^rp«-'tT«ii^>n^Giry,  Ind,: 
Western  Electric  Co.,  Chicago,  1)1. ;  Armour  &  Co.»  and  other  packers  at  Chicago  stock 
yards,  etc..  etc. 

TIt  thi^f.€  inUrciie^-f  wf  wi/t  he  gUtd  tt^ /urniih  further  .irtaih- 

RUDOLPH   S.  BLOME   COMPANY 

Main  Office,  Unity  Building^  Chicago 


NKW  YOkK 
Metropolitan  [Jfe  tihl:j. 


i4IR  MING  HAM.   ALA, 
First  NatiMnal  Umik  HM^'. 


\i:W  ORLEANS 
■'  \jn\>>\\  Street 


PerEK  BEATne.  ezr.  JOHK  BEATHC  Jr..  Bar. 

THE 

Estate  of  John  Beattie 

GRANITE   QUARRIES 

AT  LEETE  ISLAND  AND  HOADLE^^S  NECK 
OFFICE    AN'D  WORKS,  LEEXE   ISLAJSD,  CO^RS. 


Are  well  equipped  to  furnisb  Plain  or  Dressed 
Granite  in  Large  Quantities,  by  rail  or  water 
shipment.  Among  others.  ha%'e  snpplied  Qraadte 
for  following  constructions : 

Piers.  Connecticut  River  Stone  Bridge.         -         Hartford,  Conn. 
Soldiers*  and  Sailors'  Monumerii.  -        Riverside  Drive,  N.  Y. 

The  New  Thiri  Aver.-je  Br:  lire.    -         -  :3  =  :h  S:..  N    V.  Cnv 

Pedestii.  S:i:i;-  ..:  L::.er:y.  -  -      New  V;rk  Harbor 

Gentrrii  Ai.:ers-.r:  M  .r-.;:r:eL:.       -  -  Piiisb'jrgh.  Pa- 

Ger.eral  Fli.ver  M.r  ::n:cr.:.  -  New  V:«rk  City 

N.  Y..  N.  H.  a:  H    R    R    C      I::.;r.  ve^ent.       B.-iigepiru  Conn. 
Res:it^.cr^,  Newrin,  R.  L 

Ntw  Piazi  H::e:.  New  Vcrk  CJiv 

h rr .-.  t:  -.V r^: e :  ^    ■ :   I;     : .-:   ]  s .  .-.r.  : .  I » .. :  k  Is.  .--r.  i .  N rT  H ave^ .  B ridgc- 


FOUR  VESSELS  WITH  STEA.M  POWER  TO 
HANDLE  HE.AVV  >L\TERIAL 


The  Truth  About  Street  Paving 


develops  after  the  pavement  has  been  laid  and 
when  it  is  too  late  to  correct  mistakes. 

When  BITULITHIC  is  laid  no  mistake  is 
made.  The  truth  about  street  paving  is  then  so 
fully,  clearly  and  convincingly  demonstrated  that 
there  is  no  room  for  doubt  as  to  the  IDEAL 
ROADWAY. 

Write  to-day  for  complete  information  con- 
ceming  the  BITULITHIC  PAVEMENT  and 
leam  why  millions  of  square  yards  have  been 
laid  in  scores  of  cities  in  preference  to  all  other 
kinds  of  paving. 


Warren  Brothers  Company 

BOSTON,  MASSACHUSETTS 

R£G1ST£REX»  TRADE  MARKS 
"Bitulithic^"  ''Purit&n/*  **Bitrock,'*  "Bitumitiouft  Mncad&m,''  **Bituttooe" 
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OmCE  AND  WORKS  I   BERLIN.  COSN. 


220  BroAclWAV 
KEW  YORK* 


til  ^lilt  Sirm 


0.  E  BftADlEY 

President 


OeORGE  H    SAGS 
Viu  PrtftiUfii 


TrtMUrcr 


Berlin  Construction  Company 

STEEL  BUILDINGS,  BRIDGES 
AND     STRUCTURAL     WORK 


OFFICE  AND  WORKS.   BERLIN.  CONN. 


210  BrMdway 
NEWVOttK 


IJI  %lalt  Stmt 
HOSTON,  MASS. 


